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Bridgeport  (1952-1981) 

Mean  annual  regulated  peak  flow 
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Maximum  regulated  pool  elevation 
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956  feet 
950  feet 
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51  miles 
106  miles 


Datum  (NGVD) 
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Length  left  embankment 

Length  left  buried  core 

Length  of  entire  dam  along  axis* 


250+^  feet 
196  feet 
980  feet 
1,088.37  feet 
2,036  feet 
524.75  feet 
476^  feet 
416+  feet 


5,962^  feet 

*The  total  length  of  the  dam  is  not  equal  to  the  sum  of  its  individual  sec¬ 
tions  because  of  the  angle  of  intersection  of  the  intake  and  closure 
mono  1 iths . 


Maximum  height  of  structure  from 
bedrock  to  top  of  dam 
Elevation  top  of  dam 
Volume  of  concrete  used  in  dam 


230+  feet 

970  feet 
1,731,240  c.y. 


Spi 1 Lway 

Design  discharge 

Crest  length 

Gate  number 

Gate  type 

Gate  width 

Gate  height 

Gate  radius 

Crest  elevation 

Gate  top  elevation 

Top  of  dam  elevation 

Spillway  bridge  elevation 

Gate  hoist 

Gate  seals 
Frostproof ing 

Stilling  Basin 

Length 

Width 

Apron  elevation 
End  sill 

Top  of  training  wall  elevation 
1948  flood  tailwater  elevation 


1,200,000  c.f.s. 

19  bays  at  36  feet 
19 

Tainter 
36  feet 
58.2  feet 
55  feet 
901.5  feet 
958  feet 
970  feet 
970  feet 

Individual  drums  with  remote  control  in 
the  powerhouse  for  all  gates 
Musical  note  rubber  side  seal 
Odd-numbered  gates,  seals,  and  seal,  by 
oil  heat  system 


211  feet 
915  feet 
743  feet 

11  feet  high,  2  steps 
810  feet 
805.5  feet 
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PERTINENT  DATA 


Dam  Intake  Section 

Type  of  structure 
Intake  invert  elevation 
Top  elevation  of  structure 
Length 
Main  Units: 

Number  of  penstocks 
Penstock  diameter 
Penstock  length 
Penstock  shell  thickness 
Number  of  gates 

Gate  size 

Full  gate  velocity 
Station  Service  Units:' 
Number  of  penstocks 
Penstock  diameter 
Number  of  gates 
Gate  size 


Concrete  gravity 
879  feet 
970  feet 
2,036  feet 

27 

25  feet 
258  feet 

5/8  inch  to  1-1/4  inches 
27  (plus  1  spare  gate  and  2  maintenance 
bulkheads ) 

22  feet  by  34  feet 
14.5  f . p. s . 

2 

6  feet 

2  (plus  1  maintenance  bulkhead) 

8  feet  by  H  feet 


Powerhouse 

Length 

Number  of  units 
Height  from  bedrock 
Thickness  of  wails 
Inside  width  of  generator  room 

Main  Units 

Type 

Turbine  Rating 


Manufacturer,  turbines 


Generator  rated 
capacity  per  unit 
Manufacturer,  generators 

Transformer  number 


2,039  feet 
27 

136  feet 
5  feet 
68  feet 


Francis 

117,700  hp  (d  165  feet  rated  head  (units 
1-4,  15,  and  16) 

115,100  hp  @  165  feet  rated  head  (units 
5-14) 

136,000  hp  @  163  feet  rated  head  (units 
17-27) 

Newport  News  Ship  Building  and  Drvdock 
Company  (units  5-14),  S.  Morgan  Smith 
Company  (units  1-4,  15,  and  16),  and 
Hitachi  American,  Ltd.  (units  17-27) 
64,000kW  (units  1-16)  and 
95,OOOkW  (units  17-27) 

Westinghouse  (units  1-16)  and  General 
Electric  (units  17-27) 

21  plus  2  spare 
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Station  Service  Units 
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Turbine  rating 
Generator  rating 

Manufacturer,  turbines 
Manufacturer,  generators 


PERTINENT  DATA 


2  Francis  vertical  shaft 
3,500  hp  @  165  feet  net  head 
3,OOOkVA  @  0.8  p.f.,  60-cycle, 
4,160  volts 

Pelton  Waterwheel  Company 
Elliott  Company 


3-phase 
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SECTION  1.  INTRODUCTION 


1.01  Location  and  Description  of  Project.  Chief  Joseph  Dam  is  located  on  the 
Columbia  River  in  north  central  Washington,  545  river  miles  (R.M.)  above  its 
mouth  and  51  R.M.  below  Grand  Coulee  Dam  (figure  1-1).  The  river,  originally 
800  feet  wide  at  the  damsite,  was  confined  between  steep  walls.  The  dam  con¬ 
sists  of,  from  right  to  left  (looking  downstream),  a  250-foot  long  right 
embankment,  4,820.5  feet  of  concrete  gravity  sections,  a  476-foot  long  left 
embankment,  and  416  feet  of  impervious  cutoff  core  (figure  1-2).  The  concrete 
gravity  section  consists  of  a  nonoverflow  section  (monoliths  1-4),  a  spillway 
section  (monoliths  5-24),  a  nonoverflow  section  (monoliths  25  through  44,  plus 
A  and  B),  an  intake  section  (monoliths  1  through  27,  plus  S-l  and  S-2),  and  a 
closure  section  (monoliths  C-l  through  C-ll).  The  right  abutment  of  the  dam 
is  a  terrace  rising  more  than  250  feet  above  the  riverbed.  The  lower  100  feet 
of  this  terrace  is  openwork  gravel  with  sand,  while  the  upper  150  feet  is 
hard,  glacial  till.  The  left  abutment  is  granitic  bedrock  which  rises  sharply 
about  100  feet  above  the  bed  of  the  river  and  then  continues  upward  in  a 
moderate  and  broken  slope.  The  foundation  is  an  irregular  bedrock  surface 
composed  of  a  suite  of  rock  types  collectively  termed  "granite". 

The  powerhouse  additional  units  and  structural  modification  work  was  proposed 
in  House  Document  693,  79th  Congress,  Second  Session,  and  authorized  under  the 
1946  River  and  Harbor  Act,  as  amended  by  the  1948  River  and  Harbor  Act. 

1.02  Purpose  of  Report.  This  report  is  prepared  in  accordance  with 
ER-1110-1-1801 ,  dated  15  December  1981,  as  amended  by  changes  1  and  2,  dated 
30  June  1982  and  1  April  1983,  which  requires  as-built  foundation  reports  for 
major  construction  projects.  The  purpose  of  this  report  is  to  ensure  the  pre¬ 
servation  for  future  use  of  complete  records  of  foundation  conditions  encoun¬ 
tered  during  construction  and  methods  used  to  adapt  structures  to  these  condi¬ 
tions.  This  report  documents  the  final  foundation  conditions  and  treatment 
for  the  powerhouse  additional  units  21-27;  post  construction  instrumentation, 
drain  hole  drilling  and  rock  contour  maps  for  the  spillway,  nonoverflow, 
intake  and  closure  monoliths;  and  for  the  left  and  right  abutment  exploration 
and  instrumentation  programs. 

1.03  Construction  History.  Initial  construction  started  in  1949,  and  the 
reservoir  was  first  raised  to  normal  operating  pool,  elevation  946  feet,  in 
July  1955.  The  first  generating  unit  was  placed  on  line  in  1955  and  the  last 
of  the  initial  16  units  in  1958.  In  order  to  produce  additional  power,  con¬ 
struction  of  structural  modifications  to  raise  the  pool  elevation  10  feet  and 
install  11  additional  units  was  started  in  1974  and  was  completed  in  1980. 

The  pool  raise  to  elevation  956  feet  occurred  in  February  1981.  The  struc¬ 
tural  modification  consisted  of  raising  the  dam  10  feet  (including  the  spill¬ 
way  monoliths,  nonoverflow  sections,  and  intake  structure);  removal  and 
rebuilding  of  the  spillway  piers;  new  gate  installation;  and  adding  additional 
concrete  mass  to  insure  stability  of  the  gravity  structures  with  the  higher 
reservoir.  To  accommodate  the  11  additional  units,  the  powerhouse  was 
extended  to  a  length  of  2,039  feet  and  penstocks  were  added  to  the  11  spaces 
provided  during  the  initial  construction  in  the  1950’s.  Powerhouse  skeleton 
bays  17  through  20  were  provided  during  the  initial  construction. 
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FIGURE  1-1 
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The  powerhouse  additional  units  and  structural  modifications  were  constructed 
by  four  major  contracts.  The  initial  contract,  DACW67-75-C-0009,  was  awarded 
to  the  William  Gregory  Company  in  August  1974.  Items  of  work  included 
installation  of  2-inch  diameter  rock  bolts  and  3-inch  diameter  companion  drain 
holes  in  the  area  below  the  intake  structure.  The  second  contract, 
DACW67-75-C-0042,  was  awarded  to  Goodfellow  Brothers,  Inc.  in  November  1974. 
This  contract  pro-vided  the  initial  excavation  and  construction  of  the 
powerhouse  cofferdam.  The  third  contract,  DACW67-75-C-0077 ,  was  awarded  to  a 
joint  venture,  S.J.  Groves  and  Sons  Co.  and  Granite  Construction  in  March  1975 
and  included  completion  of  the  foundation  excavation,  dewatering  systems,  rock 
bolts  and  drain  holes  and  the  structural  portion  of  the  powerhouse.  The 
fourth  contract,  DACW67-76-C-0043,  was  awarded  to  Peter  Kiewit  and  Sons  and 
Standard  Construction  in  March  1976  for  structural  modification  to  increase 
height  of  the  dam. 

1.04  Acknowledgements.  This  report  was  originally  drafted  by  Edward  T. 
Bailey,  Project  Geologist,  Chief  Joseph  Dam  and  substantially  modified  by 
Richard  D.  Eckerlin,  Staff  Geologist,  Seattle  District  under  the  supervision 
of  David  Gembala,  District  Geologist,  and  general  supervision  of  Charles 
Perry,  Chief,  Geotechnical  Branch,  Seattle  District.  During  project  construc¬ 
tion,  Robert  Rudman  was  Resident  Engineer  and  Richard  Means  was  Project 
Engineer. 

The  authors  wish  to  acknowledge  Kenneth  D.  Graybeal,  Chief,  Soils  Section,  and 
Richard  W.  Galster,  former  Chief,  Geology  Section,  for  their  careful  review  of 
this  document  and  their  numerous  valuable  suggestions. 

1.05  Construction  Photographs.  Refer  to  Appendix  B  for  selected  construction 
photographs . 
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SECTION  2. 


INVESTIGATIONS 


2.01  Investigations  Prior  to  Construction.  Between  196?  and  1974  several 
subsurface  exploration  programs  were  completed  for  investigation  of  the  power¬ 
house  foundation,  the  aggregate  borrow  source,  and  the  right  bank  blanket 
addition.  Subsurface  powerhouse  investigations  began  in  1967  with  24  borings 
drilled  into  the  foundation.  Overburden  was  drilled  and  drive  samples  were 
taken  employing  cable  tool  methods,  while  the  granitic  bedrock  was  core 
drilled  using  a  Sprague  and  Henwood  drill.  The  additional  powerhouse  units  21 
to  27  required  excavation  in  the  dry  for  the  substructure,  training  wall  and 
rock  excavation  in  the  tailrace.  In  1973  and  1974,  13  additional  borings  and 
2  test  wells  were  drilled  to  provide  data  for  design  of  the  cofferdam, 
dewatering  system,  and  excavation  slope  stability.  The  13  borings  were 
drilled  and  sampled  in  overburden  using  a  rotary  drill  and  the  foundation  rock 
was  cored  by  diamond  drill.  The  two  test  wells  were  drilled  and  sampled  with 
a  cable  tool  drill.  Borings  logs  are  in  appendix  C. 

In  1972,  five  piezometer  borings  were  drilled  on  the  right  bank  for  extension 
of  the  right  bank  impervious  blanket.  The  borings  were  drilled  into  granitic 
bedrock  using  a  combination  of  air  rotary  and  cable  tool  methods. 

In  1973,  three  borings  were  drilled  in  the  Government  borrow  area  located 
2  miles  downstream  from  the  dam  (plate  3).  Borings  were  drilled  using  a 
Williams  bucket  auger.  Samples  were  mechanically  separated  by  shaker  and 
weighed  at  the  site.  In  addition  to  the  auger  borings,  five  backhoe  trenches 
were  excavated  to  confirm  the  extent  of  the  gravelly  material. 

Stability  analyses  and  monolith  stress  studies  completed  in  the  design  phase 
provided  for  prestressing  in  the  spillway  and  intake  monoliths.  Need  for  pre¬ 
stressing  was  later  reevaluated  and  eliminated.  In  1975,  six  prototype  core 
drill  borings  for  tendon  installation  were  completed  in  spillway  monoliths  7 
and  8,  intake  monolith  21  and  closure  monolith  2.  Experimental  drilling  of 
the  prototype  holes  was  varied  to  provide  comparative  information  to  bidders. 
Boring  logs  and  boring  summaries  for  the  structural  modifications  contract  are 
provided  in  appendix  C. 

2.02  Investigations  During  Construction.  Powerhouse  contract 
DACW67-75-C-0077  provided  for  additional  piezometer  installations  in  the 
powerhouse  excavation.  In  1975,  15  observation  holes  consisting  of  seven 
6-inch  diameter  observation  wells  and  eight  well  points  were  installed  for  the 
dewatering  system.  Also  in  1975,  five  wells  were  added  to  the  cofferdam 
interceptor  seepage  control  drain  system.  In  late  1975,  18  vertical  holes 
were  drilled  with  a  rotary  drill  from  the  cofferdam  roadbed,  through  the 
cofferdam  and  into  bedrock  to  identify  leakage  zones.  Six  of  the  18  borings 
were  used  for  grout  injection  to  seal  the  leaky  zones.  In  1977,  three 
additional  borings  were  drilled  through  cell  5  to  check  material  condition. 


Approximately  130  borings  were  drilled  from  temporary  sluiceways  within  the 
dam  into  the  bedrock  foundation  to  determine  bedrock  elevation  for  the  struc¬ 
tural  stability  analysis  (see  table  2-1).  Rock  surface  exploration  was  trans¬ 
lated  into  the  bedrock  contours  shown  on  plates  14  and  16. 

Uplift  pressure  cells  were  installed  in  selected  sluiceway  borings.  These 
were  installed  to  determine  uplift  pressures  for  the  initial  structural  sta¬ 
bility  analysis. 

The  turnaround  bridge  near  the  left  end  of  the  spillway  section  was  modified 
requiring  additional  exploration.  In  October  1975,  four  borings  were 
completed  using  a  rotary  drill.  Standard  penetration  tests  were  taken  in 
overburden  to  provide  data  for  design  of  the  allowable  bearing  capacity  for 
the  bridge  footings. 

2.03  Post  Construction  Investigations.  Erratic  water  levels  were  observed  in 
numerous  uplift  pressure  holes  in  the  intake  structure.  These  holes  were 
backfilled  with  grout,  and  new  uplift  holes  were  drilled  adjacent  to  the  old 
ones.  Uplift  pressure  borings  and  foundation  drains  were  also  drilled  in  all 
spillway  monoliths,  intake  monoliths,  closure  monoliths,  and  all  the  nonover¬ 
flow  monoliths. 

In  February  1982,  ground  subsidence  was  observed  near  the  left  abutment  earth- 
fill  embankment  section  just  downstream  from  the  buried  impervious  cutoff 
wall.  Several  backhoe  trenches  were  excavated  in  the  fill  and  adjacent  ground 
next  to  the  Pearl  Hill  Road  to  determine  location  and  configuration  of  the 
impervious  core  wall.  Sixteen  borings  were  drilled  and  sampled  using  both 
rotary  and  diamond  drill  methods,  and  two  test  wells  were  drilled  using  a 
cable  drill.  Boring  logs  are  in  appendix  C.  The  report  on  the  left  abutment 
settlement  is  included  in  the  Chief  Joseph  Dam,  Periodic  Report  No.  7,  October 
1984.  In  April  1987,  four  borings  were  drilled  in  the  left  embankment,  and  in 
June  1987,  two  borings  were  drilled  adjacent  to  closure  monolith  1  (refer  to 
plate  18  in  appendix  A).  Piezometers  were  installed  in  the  six  borings  for 
monitoring  possible  reservoir  leakage. 


TABLE  2-1 


SLUICEWAY  DRILLING  DATA 
(Confirmation  Top  of  Rock) 


Monolith 

Number 

Hole 

Number 

Elevation 
in  Feet 

Total  Depth 
in  Feet 

Depth  to  Rock 
in  Feet 

Elevation  at 
Top  of  Rock 

Angle  Froi 
Vertical 

7 

7N-A 

769.0 

28.0 

25.8 

741.0 

0 

7N-B 

769.1 

26.7 

24.0 

745.1 

0 

7N-C 

769.1 

30.1 

28.0 

741.1 

0 

7N-D 

769.1 

41.0 

39.2 

736.3 

370 

7N-E 

769.1 

42.7 

40.2 

738.1 

44  o 

7N-F 

769.1 

59.2 

55.0 

733.4 

55° 

7 

7S-B 

769.0 

30.5 

25.9 

743.1 

0 

7S-D 

769.1 

29.6 

25.5 

743.6 

0 

7S-E 

769.1 

43.9 

43.6 

732.7 

37° 

7S-F 

769.1 

58.7 

56.3 

730.6 

52° 

7S-G 

769.1 

67.3 

65.5 

729.8 

59° 

7S-H 

769.1 

78.0 

75.9 

729.4 

65° 

7S-I 

769.1 

102.8 

93.0 

708.7 

55° 

7S-J 

769.0 

92.0 

87.9 

697.9 

40° 

7S-K 

769.1 

52.8 

47.2 

735.7 

50° 

7S-L 

769.1 

90.4 

85.6 

724.4 

65° 

7S-M 

769.1 

43.9 

37.7 

736.1 

32° 

7S-N 

769.0 

35.3 

29.0 

740.0 

0 

7S-0 

769.1 

42.1 

36.1 

737.5 

32° 

9 

9N-B 

769.0 

36.0 

34.7 

734.3 

0 

9N-D 

768.9 

35.6 

34.9 

734.0 

0 

9N-E 

769.0 

30.2 

28.8 

740.2 

0 

9N-F 

768.9 

44.9 

43.1 

732.9 

37° 

9S-A 

769.0 

43.0 

42.3 

726.7 

0 

9S-B 

769.0 

39.5 

38.3 

730.7 

0 

9S-C 

769.0 

36.7 

34.3 

734.7 

0 

9S-D 

769.2 

41.6 

41.4 

727.8 

0 

9S-E 

769.0 

52.0 

49.5 

728.1 

38° 

9S-F 

769.0 

46.7 

43.9 

731.9 

36° 

9S-G 

769.0 

52.6 

49.7 

727.5 

37° 

9S-H 

769.0 

51.0 

50.0 

727.6 

38° 

9S-I 

768.9 

39.0 

36.3 

742.1 

47° 

9S-J 

769.0 

32.8 

30.8 

745.6 

45° 

11 

UN-A 

769.0 

23.9 

21.6 

747.4 

0 

11N-B 

769.0 

27,0 

24.0 

745.0 

0 

11N-C 

769.0 

29.0 

25.7 

742.3 

0 

1LN-D 

769.0 

30.2 

27.0 

746.4 

37° 

11N-E 

769.0 

35.3 

32.0 

743.4 

41° 

1LN-F 

769.0 

38.0 

34.2 

744.1 

48° 

1 1N-G 

769.0 

53.9 

49.4 

741.2 

62° 

7 


r 


wr 
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TABLE  2-1  (cont.) 

SLUICEWAY  DRILLING  DATA 
(Confirmation  Top  of  Rock) 


Monolith 

Number 

i  Hole 

Number 

Elevation 
in  Feet 

Total  Depth 
in  Feet 

Depth  to  Rock 
in  Feet 

Elevation  at 
Top  of  Rock 

Angle  From 
Vertical 

1 1 N-H 

769.0 

51.8 

47.8 

735.7 

51° 

11N-I 

769.0 

30.0 

24.2 

744.8 

0 

1 1N-J 

769.0 

32.8 

27.5 

745.1 

33° 

11N-K 

769.5 

40.9 

35.5 

742.5 

45° 

11N-L 

769.5 

43.2 

35.6 

743.2 

47° 

11S-G 

769.0 

30.6 

28.0 

745.6 

37° 

11S-H 

769.0 

25.3 

23.5 

745.5 

0 

11S-I 

769.0 

23.2 

20.7 

748.3 

0 

11S-J 

769.0 

41.5 

35.9 

741.7 

45° 

11S-K 

769.0 

41.4 

38.6 

739.6 

45° 

11S-L 

769.0 

40.7 

37.7 

744.5 

55° 

13 

13N-A 

769.0 

31.1 

23.6 

745.4 

0 

13N-B 

769.0 

25.5 

22.5 

746.5 

n 

13N-C 

769.0 

25.1 

22.4 

746.6 

0 

13N-D 

769.0 

35.7 

33.7 

740.6 

36° 

13N-E 

769.0 

62.6 

33.4 

745.4 

50° 

13N-F 

769.0 

58.3 

31.2 

748.7 

55° 

I3N-G 

769.0 

66.9 

39.0 

751.3 

70° 

13N-H 

769.0 

42.0 

36.1 

741.9 

46° 

13N-I 

769.0 

35.9 

32.8 

745.8 

50° 

13N-J 

769.0 

77.3 

72.0 

718.1 

50° 

13N-K 

769.0 

73.8 

38.0 

744.3 

55° 

13N-L 

769.0 

21.0 

19.2 

749.8 

0 

13S-B 

769.0 

25.6 

20.5 

748.5 

0 

13S-D 

769.0 

29.8 

24.8 

744.2 

0 

13S-E 

769.0 

37.0 

30.9 

743.4 

38° 

13S-F 

769.0 

39.6 

34.5 

745.0 

51° 

13S-G 

769.0 

62.7 

56.4 

734.4 

58° 

13S-H 

769.0 

30.7 

22.8 

746.2 

0 

13S-I 

769.0 

34.9 

29.6 

745.3 

41° 

13S-J 

769.0 

71.0 

64.8 

731.7 

61° 

16 

16N-B 

768.9 

27.0 

25.5 

743.4 

0 

16N-D 

769.0 

25.9 

22.0 

747.0 

0 

16N-E 

768.9 

26.5 

24.6 

744.3 

0 

16N-F 

769.0 

36.4 

32.0 

742.5 

38° 

16N-G 

769.0 

31.6 

28.2 

745.7 

38° 

16N-H 

769.3 

49.5 

43.8 

736.0 

45° 

16N-I 

769.0 

72.6 

67.3 

729.4 

60° 

16N-J 

769.0 

75.5 

47.0 

731.0 

o 

o 

16N-K 

769.6 

53.1 

48.7 

741.0 

60° 

16N-L 

769.0 

65.9 

60.0 

730.0 

55° 

16S-A 

769.0 

29.8 

27.3 

741.7 

0 

16S-B 

769.0 

17.6 

15.5 

753.5 

0 

) 
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V.  TABLE  2-1  (coat.) 

SLUICEWAY  DRILLING  DATA 
(Confirmation  Top  of  Rock) 


Monolith 

Number 

Hole 

Number 

Elevation 
in  Feet 

Total  Depth 
in  Feet 

Depth  to  Rock 
in  Feet 

Elevation  at 
Top  of  Rock 

Angle  Fro 
Vertical 

16S-C 

769.0 

16.9 

14.6 

754.4 

0 

16S-D 

769.0 

24 . 6 

23.2 

745.8 

0 

16S-E 

768.9 

28.3 

26.2 

746.8 

36° 

17 

17N-B 

769.0 

20.3 

15.1 

753.9 

0 

17N-D 

769.0 

23.9 

18.4 

750.6 

0 

17N-E 

769.0 

42.5 

36.4 

738.9 

38° 

17N-F 

769.0 

26.6 

20.8 

748.2 

0 

17S-A 

769.0 

21.1 

16.1 

752.9 

0 

17S-B 

769.0 

20.6 

15.2 

753.8 

0 

17S-C 

769.0 

25.7 

19.5 

749.5 

0 

17S-D 

769.0 

44.5 

40.6 

735.4 

38° 

17S-E 

769.0 

26.8 

21.7 

747.3 

0 

18 

18N-B 

769.0 

22.1 

17.6 

751.4 

0 

18N-D 

769.0 

28.7 

23.6 

745.4 

0 

18N-E 

769.0 

44.8 

37.7 

737.8 

38° 

18N-F 

769.0 

33.2 

28.1 

740.9 

0 

18S-A 

769.0 

27.5 

22.5 

746.5 

0 

18S-B 

769.0 

25.5 

18.5 

750.5 

0 

18S-C 

769.0 

26.7 

21.5 

747.5 

0 

18S-D 

769.0 

52.8 

45.6 

731.3 

38° 

18S-E 

769.0 

36.9 

31.9 

737.1 

0 

18S-F 

769.0 

56.0 

50.0 

731.0 

45° 

18S-G 

769.0 

57.4 

48.4 

732.2 

45° 

19 

19N-D 

769.0 

32.3 

29.5 

739.5 

0 

19N-E 

769.0 

37.0 

34.6 

734.4 

0 

19N-A 

769.0 

34.5 

32.0 

743.1 

40° 

19N-F 

769.0 

24.7 

19.6 

749.4 

0 

19N-C 

769.0 

26.5 

23.9 

756.2 

64° 

19N-B 

769.0 

36.5 

34.6 

7  34.4 

0 

19S-F 

768.9 

46.3 

41.8 

728.1 

14° 

19S-G 

768.9 

30.3 

29.4 

740.1 

13° 

19S-H 

768.9 

25.2 

22.6 

750.6 

40° 

19S-I 

768.9 

47.0 

41.6 

735.2 

40° 

19S-J 

768.9 

29.0 

28.0 

746.0 

39° 

20 

20N-A 

769.0 

23.9 

18.9 

750.1 

0 

20N-B 

769.0 

31.6 

26.6 

742.4 

0 

20N-C 

769.0 

40.2 

32.5 

736.5 

0 

20N-D 

769.0 

26.4 

21.6 

749.3 

27° 

20N-E 

769.0 

24.0 

19.0 

750.0 

0 

20S-A 

769.0 

28.2 

23.2 

745.8 

0 

20S-C 

769.0 

40.0 

32.5 

736.5 

0 

20S-D 

769.0 

31.0 

26.0 

746.8 

35° 

I 
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r# 


TABLE  2-1  (cont.) 


Monolith 

Number 

Hole 

Number 

Elevation 
in  Feet 

SLUICEWAY  DRILLING  DATA 
(Confirmation  Top  of  Rock) 

Total  Depth  Depth  to  Rock 

in  Feet  in  Feet 

Elevation  at 
Top  of  Rock 

Angle  From 
Vertical 

20S-E 

769.0 

27.5 

22.5 

746.5 

0 

21 

21N-A 

769.0 

32.0 

27.2 

741.8 

0 

21N-B 

769.0 

34.7 

31.3 

737.7 

0 

21N-C 

769.0 

25.2 

20.2 

748.8 

0 

21N-D 

769.0 

34.4 

28.1 

747.4 

44° 

21N-E 

769.0 

24.8 

20.2 

748.8 

0 

21S-C 

769.0 

20.5 

18.5 

750.5 

0 

21S-D 

769.0 

29.1 

27.1 

746.8 

39° 

2 IS-E 

769.0 

23.0 

18.0 

751.0 

0 

22 

22N-A 

769.0 

34.7 

32.6 

736.4 

0 

22N-C 

769.0 

18.2 

15.0 

754.0 

0 

22N-D 

769.0 

32.8 

31.6 

742.1 

35° 

22N-E 

769.0 

31.7 

25.4 

748.2 

39° 

22N-F 

769.0 

32.6 

30.2 

744.0 

38° 

22N-G 

769.0 

22.7 

19.6 

749.4 

0 

22N-H 

769.0 

24.9 

23.0 

751.5 

45° 

22N-I 

769.0 

36.8 

35.6 

743.4 

49° 

22 

22S-A 

769.0 

24.3 

21.3 

747.7 

0 

22S-B 

769.0 

20.4 

16.3 

752.7 

0 

22S-C 

769.0 

15.3 

14.2 

754.8 

0 

22S-D 

769.0 

24.1 

20.3 

750.6 

28° 

23 

23N-A 

769.0 

23.4 

21.1 

747.9 

0 

2  3N-B 

769.0 

21.2 

18.8 

750.2 

0 

23N-C 

769.0 

21.8 

18.0 

751.0 

0 

23N-D 

769.0 

27.4 

24.3 

747.4 

30° 

23S-A 

769.0 

23.0 

19.0 

7  50.0 

0 

23S-C 

769.0 

20.0 

18.0 

751.0 

0 

23S-D 

769.0 

31.0 

27.8 

746.0 

38° 

23S-E 

769.0 

29.9 

24.9 

750.1 

45° 

23S-F 

769.0 

42.7 

37.5 

747.4 

61° 

23S-G 

769.0 

54.9 

49.9 

742.9 

65° 

23S-H 

769.1 

56.8 

51.8 

742.0 

65° 

23S-I 

769.0 

24.5 

17.1 

751.9 

0 

NOTE:  Hole 

number 

indicates  monolith  and  north 

(N)  or  south  (S) 

sluiceway , 

f ol lowed  by 

hyphen  and  letter  which  represents  hole  designation  within  sluiceway. 


SECTION  3.  GEOLOGY 


3.01  Geologic  Setting.  The  project  lies  at  the  division  between  two  major 
geologic  provinces:  The  Okanogan-Se lkirk  Highlands  to  the  north  and  the 
Columbia  Plateau  on  the  south.  Figure  3-1  locates  the  dam  with  respect  to  the 
provincial  divisions.  The  Columbia  River  has  cut  a  valley  about  1,000  feet 
deep  below  the  plateau  surface  into  hard  crystalline  rocks.  The  rocks  in  the 
lower  part  of  the  valley  and  in  the  Okanogan  Highlands  are  a  complex  of  old 
,etamorphic  rocks  intruded  by  granitic  rocks  of  Mesozoic  age.  Miocene 
Columbia  Plateau  basalts  are  exposed  high  on  the  southern  side  of  the  valley 
and  locally  on  the  northern  side.  The  valley  has  been  modified  by  continental 
glaciation.  Variable  thicknesses  of  glacial  outwash  sand  and  gravel, 
lacustrine  silts,  and  till  overlie  the  irregular  bedrock  surface.  The  present 
river  has  cut  down  through  the  glacial  sediments  into  the  granitic  bedrock 
leaving  a  terraced,  inner  valley  within  the  larger  old  valley. 

3.02  Site  Geology.  The  Columbia  River  at  Chief  Joseph  Dam  flows  westerly 
through  a  steep-walled,  terraced  valley  12,000  feet  wide  and  almost  1,000  feet 
deep.  At  the  dam,  the  river  is  800  feet  wide  and  flows  along  the  base  of  the 
southern  valley  wall. 

On  the  south  (left)  bank  of  the  river,  the  bedrock  surface  generally  rises 
well  above  the  river  channel.  Glacial  deposits  fill  old  abandoned  channels  of 
the  Columbia  River  and  many  of  the  abandoned  tributary  canyons.  Glacial 
deposits  form  a  series  of  extensive  terraces  south  of  the  river.  These 
deposits  include  one  or  more  glacial  till  sheets,  a  variety  of  morainal  mate¬ 
rials,  and  large  quantities  of  glacio-f luvial  and  glacio-lacustrine  sediments. 
Slope  wash  derived  from  all  of  the  above  units  mantles  most  of  the  ground  sur¬ 
face.  The  glacial  till  is  compacted,  unstratified,  silty,  sandy  gravel. 
Morainal  deposits  are  poorly-to-moderately  compacted  gravels  with  or  without 
admixed  sand  and  silt.  Glacio-f luvial  deposits  are  stratified,  dominantly 
silty,  sandy  gravel,  but  also  include  sandy  gravel,  openwork  gravel,  boulder 
beds  and  flood  plain  silts.  Glacio-lacustrine  deposits  are  stratified  silt 
and  clay.  The  bedrock  surface  north  of  the  river  gradually  rises  above  the 
river  channel.  A  glacial  fill  terrace  extends  from  the  river  to  the  north 
valley  wall.  The  terrace  varies  in  elevation  from  1,030  feet  adjacent  to  the 
river  to  over  1,100  feet  to  the  north.  The  terrace  sequence  consists  of  an 
extensive  deposit  of  torrentially  bedded,  largely  openwork  gravel  and  cobbles, 
10  to  100  feet  thick  overlying  the  bedrock  surface.  This  highly  pervious  unit 
is  overlain  by  varying  thickness  of  "dump  moraine"  and  more  than  100  feet  of 
glac  ial  till. 

Bedrock  is  an  assemblage  of  hard,  competent  crystalline  rocks  that  include 
granodiorite,  granodiorite  gneiss,  dark  schistose  granod iorite ,  hornblende 
granod ior ite ,  and  lamprophyre.  These  various  rock  types  exhibit  different 
characteristics  of  soundness  as  described  in  the  paragraphs  below: 

a.  Granodiorite  is  the  predominant  rock  type.  It  is  hard,  medium  to 
coarse  grained  and  light  colored.  Generally  this  rock  type  is  very  sound  with 
a  high  resistance  to  chemical  weathering. 
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b.  Granodiorite  gneiss  is  a  hard,  medium  to  coarse  grained,  light  gray  to 
gray  colored  rock  which  exhibits  a  banded  structure  with  mineral  orientation 
along  parallel  planes.  This  rock  type  is  generally  very  sound  with  good 
resistance  to  chemical  weathering.  However,  with  increasing  biotite  percent¬ 
age  this  rock  tends  ^o  exfoliate  along  planes. 

c.  Dark  schistose  granodiorite  may  be  soft  or  hard  depending  on  mafic 
content  and  degree  of  weathering.  This  rock  type  is  usually  fine  to  medium 
grained,  dark  colored  and  may  be  schistose  or  gneissic  in  structure.  The  con¬ 
tents  of  biotite  or  hornblende  are  present  in  quantities  up  to  50  percent. 

The  rock  is  sound  when  fresh,  but  where  high  biotite  content  and  schistose 
structure  prevail,  this  rock  type  has  the  least  resistance  to  chemical 
weathering  and  is,  therefore,  generally  less  sound  than  all  the  other  rock 
types . 

d.  Hornblende  granodiorite  is  a  granitic  type  rock  containing  randomly 
oriented,  medium  to  coarse  grained  crystals  of  hornblende.  This  rock  is 
medium  to  dark  colored,  hard  and  highly  resistant  to  chemical  weathering. 

e.  Lamprophyre  is  a  very  hard,  fine  grained,  dark  greenish  colored  rock 
found  in  dikes.  Having  post  dated  most  major  periods  of  faulting,  it  is  gen¬ 
erally  less  fractured  and  less  altered  than  surrounding  rocks. 

f.  Lesser  rock  types  such  as  pegmatite  and  aplite  dikes  are  commonly 
found  throughout  the  area,  but  are  relatively  small  discontinuous  bodies. 
Faults  and  joints  are  important  rock  structures  which  influence  rock  mass 
behavior  in  excavations  and  slopes.  Faults  and  fault  zones  are  common 
throughout  the  dam  foundation  and  appurtenant  structures  (plate  7).  They  are 
attributable  to  late  stages  of  the  grandiorite  intrusions  and  concurrent 
orogeny.  These  faults  are  inactive  and,  as  so,  oriented  as  to  produce  no 
planes  of  weakness  which  might  be  overstressed  by  addition  of  large  concrete 
monoliths  (U.S.  Army  Corps  of  Engineers,  1957).  During  excavation  for  the 
additional  powerhouse  units,  three  faults  were  mapped  in  the  foundations  for 
units  22,  25,  and  27  as  shown  on  plate  10.  These  faults  are  free  of  gouge, 
but  rock  faces  are  coated  with  chlorite.  No  attempt  was  made  to  measure 
magnitude  of  offset.  Unit  22  fault  strikes  N60°-70°W,  dips  65°-75°E,  and 
consists  of  a  shattered  rock  zone  1  inch  to  2  inches  in  width.  Unit  25  fault 
strikes  N10°w,  dips  35°W,  and  consists  of  a  4-inch  wide  shattered  rock  zone. 
Unit  27  fault  strikes  N3°W  to  N8°E,  dips  35°W,  and  consists  of  a  shattered 
zone  4  feet  wide  on  each  side  of  a  brecciated  zone  2  inches  to  6  inches  in 
width.  Zones  of  closely  jointed  rock  associated  with  the  faults  may  be  as 
much  as  20  feet  wide.  Joint  faces  within  the  powerhouse  excavation  and  the 
adjacent  rock  slope  below  the  intake  structure  were  often  slickensided,  healed 
with  chlorite,  and  showed  no  strain  or  evidence  of  being  open  after  the  period 
of  chloritization.  Joints  are  attributed  to  compression  and  shear  coincident 
and  immediately  following  the  period  of  granodiorite  emplacement. 

Bedrock  weathering  is  not  severe.  The  most  common  weathering  action  was  the 
presence  of  iron  stain.  All  joint  planes  near  the  surface  of  rock  exhibit 
this  characteristic  to  varying  degrees,  usually  diminishing  with  depth  and 
disappearing  within  20  feet  below  the  surface. 
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3.03  Powerhouse  Foundation  (Additional  Units  21-27).  Additional  units  21-27  ) 

are  founded  on  various  crystalline  rock  types  including  schistose  and  gneissic 

granodiorite,  massive  granodiorite  and  lamprophyre  intrusions  (plate  11).  Two 

minor  faults,  striking  northerly  with  35  degree  westerly  dips  were  encountered 

in  the  excavation  (plate  12).  Conjugate  joints  occur  in  zones  to  8  feet  in 

width.  Two  prominent  joint  sets  were  mapped  in  the  foundation;  one  set 

strikes  N40-45°W  and  dips  60-65°NE  and  the  second  set  strikes  N75-80°W  with  a 

dip  of  75-80°N.  Joints  within  the  lamprophyre  intrusives  extend  into  the 

adjacent  granodiorite.  Joint  spacing  ranges  from  0.1  to  5  feet  Vithin  the 

granodiorite  rocks  and  the  transecting  intrusives.  Many  joints  are  coated 

with  unweathered  dark  chlorite,  some  resembling  a  polished  appearance.  Where 

the  chlorite  bond  to  joints  was  broken  by  blasting,  the  chlorite  lubricated 

surfaces  offered  little  resistance  to  slippage.  Precision  rock  blasting 

techniques  were  employed  in  the  jointed  granitic  rocks  so  that  maximum 

utilization  of  the  bedrock  could  be  obtained  in  the  foundation.  Precision 

blasting  techniques  made  possible  the  use  of  natural  rock  piers  ("dragon 

teeth")  for  the  powerhouse.  No  increase  in  joint  frequency  or  mechanical 

breakage  was  observed  in  the  foliated  rock  types;  however,  the  foliated  rocks 

broke  more  platy  than  the  massive  granodiorite  rocks. 

3.04  Construction  Materials.  Concrete  aggregate  and  common  and  granular 
materials  were  excavated  from  a  government  source  on  the  right  bank,  2  miles 
downstream  from  the  project  (see  plates  1  and  3).  This  pit  was  used  during 
the  original  dam  construction.  The  borrow  area  is  a  large  gravel  terrace 

adjacent  to  the  Columbia  River  and  composed  of  clean  sandy  gravel.  A  cap  of 

eolian  sandy  silt,  2  to  4  feet  thick,  locally  overlies  the  source  area.  All 
aggregate  processing  was  conducted  on  site,  stockpiled  and  hauled  to  the 
project.  Material  quantity  surveys  were  not  performed. 

Rock  for  the  project  was  mined  in  the  rock  quarry  located  2  miles  northeast  of 
the  project,  next  to  Bridgeport  State  Park.  This  source  was  used  for  the 
original  dam  construction.  The  quarry  was  reopened,  approximately  94,000  tons 
of  granodiorite  rock  were  removed,  then  the  quarry  was  closed  and  reclaimed  to 
natural  conditions.  About  47,000  tons  of  rock  were  used  for  the  downstream 
right  bank  tailrace  protection.  Remaining  rock  has  been  stockpiled  adjacent 
to  the  quarry  for  future  work.  Granitic  rock  that  was  blasted  and  removed 
from  the  powerhouse  additional  units  excavation  was  placed  in  the  Foster  Creek 

channel  along  the  right  bank  several  hundred  feet  upstream  of  the  dam. 

Impervious  fill,  blanket,  and  core  material  were  borrowed  from  a  glacial  till 
source  located  on  the  right  bank  1,000  feet  upstream  from  the  dam.  The  till 
material  was  placed  in  the  upstream  right  bank  impervious  blanket  extension 
and  in  the  left  abutment  impervious  fill  and  core. 


) 
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SECTION  4.  FOUNDATION  EXCAVATION  AND  TREATMENT 
(ADDITIONAL  UNITS  21-27) 


4.01  General  Two  major  construction  contracts  were  administered  for  founda¬ 
tion  excavation  and  treatment.  A  third  contract  provided  for  rock  bolts  and 
drain  holes  on  the  rock  slope  below  intake  structure  units  1-27. 

4.02  Initial  Rock  Bolting  and  Drain  Hole  Drilling.  Design  analyses  indicated 
that  stresses  would  increase  within  the  unconfined  rock  mass  below  the  intake 
structure.  The  increased  stresses  would  be  created  by  added  weight  of  raising 
the  intake  structure,  the  higher  pool,  and  powerhouse  excavation  blasting.  In 
addition,  foundation  uplift  pressures  would  increase.  The  majority  of  the 
drainage  system  within  the  intake  structure  is  inaccessible  and  cannot  be  mon¬ 
itored  nor  cleaned  as  shown  on  figures  4-1  and  4-2.  To  supplement  the  drain¬ 
age  system,  a  series  of  subhorizontal  drains  were  drilled  in  the  exposed  rock 
surface  below  intake  monoliths  1-27  (plate  4).  In  1986,  polyvinylchloride 
(PVC)  pipes  were  installed.  The  PVC  pipes  extend  beyond  the  rock  surface  to 
prevent  vegetation  from  plugging  the  outlets.  A  system  of  rock  bolt 
reinforcement  was  installed  in  addition  to  the  drainage  system  below  intake 
monoliths  1-27  (plate  4).  Rock  bolts  were  designed  to  offset  the  change  in 
load  resulting  from  pool  raise  and  additional  height  of  the  dam.  The 
reinforcement  system  consists  of  Williams  hollow  core  rock  bolts  (model  number 
US-16-HC-SCS-300,  2-inch  nominal  diameter,  with  standard  Type  A  short  cone  and 
shell  and  Type  B  long  cone  and  shell).  Three-inch  diameter  rock  bolt  holes 
were  drilled  using  an  Ingersol-Rand  ECM  450  air  track  drill.  In  areas  where 
air  track  access  was  impossible,  holes  were  drilled  using  a  quarry  bar  ECM 
hammer  and  shortened  mast.  At  drilling  completion,  all  holes  were  gaged  with 
a  "go-no-go"  template  to  assure  proper  tolerances  for  bolt  anchors.  Subhori¬ 
zontal  companion  drain  holes  were  drilled  adjacent  to  the  rock  bolt  holes. 
Negligible  ground  water  was  encountered  during  drain  hole  drilling.  Drain 
holes  were  gaged  similar  to  the  bolt  holes.  Both  types  of  holes  were  flushed 
with  compressed  air  and  water  upon  completion. 

Rock  bolts  were  installed  and  anchors  torqued  to  manufacturer's  specification. 
Bolts  varied  from  40  to  75  feet  in  length  with  no  more  that  4  couplings  per 
installation.  The  bolts  were  tensioned  with  a  hydraulic  ram  until  a  load  of 
110,000  pounds  was  reached.  The  load  was  maintained  for  10  minutes  and 
relaxed.  This  tensioning  procedure  was  repeated.  Bolts  that  did  not  with¬ 
stand  the  tensioning  tests  were  removed  and  replaced.  For  the  first  35  bolts 
installed,  five  anchors  failed  loading  tests.  Contractor  research  at  other 
projects  with  similar  type  bedrock  showed  that  holes  drilled  in  granitic  rock 
tend  to  have  a  smooth  bore.  The  Type  A  short  malleable  cone  tends  to  produce 
an  insufficient  bearing  area.  The  Type  B  long  cone  and  shell  were  used  for 
the  remaining  bolts  and  no  further  failures  occurred.  Rock  bolts  passing  the 
tests  were  locked  off.  Per  contract  specification,  several  bolt  installations 
were  selected  at  random  and  tested  to  yield.  These  bolts  were  loaded  to  ulti¬ 
mate  strength  of  200,000  pounds  and  then  restressed. 


INTAKE  STRUCTURE  DRAIN  HOLES 

TYPICAL  SETUP  FOR  MONO  1  THROUGH  MONO  11 
AND  MONO  IS  THROUGH  27 


SCALE  m  FEET 


FIGURE  4-1 


0 

c 


SCALE  IN  FEET 


60  FT. 


INTAKE  STRUCTURE  SECTIONAL  VIEW 

TYPICAL  GROUT  AND  DRAIN  HOLE  RELATIONSHIP 
(EXCEPT  GALLERIES) 


FIGURE  4-2 
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Prior  Co  grouting,  all  rock  bolts  were  flushed  with  water  and  the  water  evacu¬ 
ated  with  compressed  air.  Neat  cement  was  pumped  into  rock  bolts  for  bonding 
and  sealing  against  corrosion. 

4.03  Powerhouse  Cofferdam  and  Initial  Excavation.  The  second  construction 
contract  provided  for  the  powerhouse  cofferdam  and  initial  excavation.  Con¬ 
tract  features  included: 

a.  common  and  rock  excavation 

b.  cofferdam  cutoff  wall  and  cellular  cofferdam  construction 

c.  dewatering  wells  and  piezometers. 

The  initial  excavation  contract  required  all  common  and  rock  to  be  excavated 
to  elevation  785  feet.  The  following  contract  for  the  powerhouse  additional 
units  provided  for  rock  removal  between  elevation  785  feet  and  finish  grade. 
Shortly  after  the  initial  excavation  work  began,  a  stop  order  was  issued  to 
halt  rock  excavation.  Members  of  the  North  Pacific  Division  Geotechnical 
Branch  and  Technical  Engineering  Branch  proposed  a  new  design  for  supporting 
the  service  deck  bridge.  It  appeared  that  substantial  savings  could  be 
realized  by  leaving  rock  piers  to  support  the  service  deck  bridge  in  lieu  of 
concrete  piers.  The  initial  excavation  contract  was  then  modified  so  that 
rock  excavation  would  not  go  below  elevation  799  feet.  The  contractor 
installed  rock  bolts  and  companion  drain  holes  in  the  excavated  rock  down  to 
elevation  799  feet.  Materials  excavation  began  at  the  toe  of  the  rock  slope 
below  the  intake  structure  and  progressed  riverward.  Excavated  common 
material  was  processed  and  used  in  construction  of  the  cutoff  wall  and 
cofferdam  cells. 

The  additional  powerhouse  units  21  to  27  required  excavation  in  the  dry  below 
tailwater  for  the  substructure,  training  wall,  and  rock  excavation.  This  was 
achieved  behind  a  combination  cellular  and  embankment  cofferdam  between  the 
original  powerhouse  and  the  right  bank  of  Poster  Creek.  Cofferdam  construc¬ 
tion  began  in  spring  1975  with  the  cellular  units  and  progressed  from  the  land 
section  to  the  powerhouse.  Foundation  excavation  was  by  dragline.  Divers 
were  employed  to  inspect  the  foundation  prior  to  seating  the  cell  template. 
Irregularities  too  large  to  be  removed  by  dragline  were  blasted  and  then  the 
templates  seated.  Sheet  piles  were  threaded  and  seated  and  the  cells 
backfilled.  Driving  resistance  was  encountered  during  placement  of  the  deep 
arched  sheet  pile  cutoff  wall  sections.  Designed  pile  depth  was  not  reached 
in  the  dense  sand  and  gravel  underlying  the  cutoff  wall  while  using  either  a 
vibrating  hammer  or  the  Vulcan  65,  steam,  single  acting  hammer.  A  Delmag  12, 
diesel,  single  acting  hammer  was  more  successful,  however,  even  with  this 
hammer,  full  design  depth  was  not  reached.  Stability  analysis  indicated  that 
the  structure  would  be  stable  even  at  the  shallower  depths  achieved.  Coffer¬ 
dam  cells  were  approximately  60  feet  in  diameter  with  top  of  fill  between 
elevation  800  to  810  feet. 

The  powerhouse  cofferdam  and  initial  excavation  contract  provided  for  a  dewa¬ 
tering  system  (plate  5).  A  preconstruction  pumping  test  in  well  364  on  the 
west  side  of  the  excavation  indicated  that  effective  water  control  could  be 
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accomplished  by  pumping  from  a  single  row  of  wells.  The  pumping  test  in  well 
358  on  the  north  side  indicated  that  materials  in  this  area  had  relatively  low 
permeability  so  dewatering  could  be  accomplished  by  one  to  two  rows  of  vacuum 
well  points.  Since  the  pile  cutoff  wall  in  the  embankment  cofferdam  section 
did  not  extend  to  the  rock  surface  as  planned,  an  extensive  dewatering  system, 
together  with  monitoring  of  phreatic  levels  within  the  cofferdam,  was  required 
throughout  the  construction  period.  Powerhouse  dewatering  wells  and  observa¬ 
tion  piezometers  data  is  summarized  in  table  4-1.  Since  the  dewatering  system 
was  temporary  and  all  materials  were  to  be  removed,  no  well  logs  nor  as-built 
details  of  wells  were  maintained. 

Powerhouse  cofferdam  construction  was  started  in  spring  1975  and  completed  in 
fall  1975.  In  December  1975  during  a  high  spillway  discharge,  which  resulted 
in  a  tailwater  elevation  of  786,  a  leak  occurred  through  the  northwest  corner 
of  the  cofferdam  at  elevation  785.  As  soon  as  the  tailwater  elevation  dropped 
below  elevation  785,  the  water  flow  reversed.  Pre-1950  topography  indicated 
an  old  channel  of  Foster  Creek  about  50  feet  east  of  the  leak  area.  The  old 
channel  was  apparently  filled  during  the  original  powerhouse  construction,  and 
the  cofferdam  excavation  appeared  to  intersect  the  old  channel  near  elevation 
770  in  the  vicinity  of  the  leak.  In  April  1976,  a  seepage  interceptor  system 
to  accommodate  flows  of  5,000  gallons  per  minute  was  constructed  together  with 
rock  blanketing  and  installation  of  piezometers.  The  dewatering  system  is 
shown  on  plate  5.  High  river  levels  did  nor  occur  again  until  August  1976,  at 
which  time  the  river  reached  elevation  787.  Construction  personnel  expressed 
concern  about  large  flows  from  the  drain  system.  A  seepage  test  was  performed 
on  24  August  1976.  General  conclusions  from  the  test  were  as  follows. 

a.  For  river  levels  up  to,  and  including,  elevation  788,  the  existing 
cofferdam  seepage  control  system  was  adequate.  The  788-foot  river  elevation 
represented  a  flood  of  about  1  year  frequency. 

b.  For  river  levels  at  or  above  elevation  790,  the  seepage  control  system 
was  inadequate.  During  the  test,  the  collector  drain  system  was  approaching 
its  maximum  hydraulic  capacity,  and  piping  erosion  was  occurring  upstream  from 
the  rockfill  treated  area.  This  caused  early  termination  of  the  test.  Total 
sump  inflow  at  river  elevation  790  was  about  11,500  gpm,  of  which  about  6,500 
gpm  were  coming  from  the  collector  drain  system.  The  790-foot  river  elevation 
represented  a  flood  of  3-  to  5-year  frequency.  Drilling  exploration  was 
conducted  in  September  and  October  1976  to  evaluate  the  cofferdam,  and  one 
boring  was  grouted  to  determine  effectiveness  of  using  a  grout  curtain  to 
reduce  seepage.  After  several  thousand  sacks  of  cement  were  pumped  into 

6  additional  borings,  the  grout  curtain  scheme  was  abandoned  and  the 
interceptor  drainage  system  was  extended.  The  leakage  problem  was  resolved. 
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TABLE  4-1 


POWERHOUSE  DEWATERING  WELLS  AND  OBSERVATION  PIEZOMETERS 


Surface  Top  of 


Boring 

Disaster  (Inches) 

h2 £ 

Elevation 

Rock  Elevation 

355 

4 

Piezometer 

810 

739 

358 

12 

Well 

811 

726 

366 

4 

Piezometer 

817 

732 

367 

4 

Piezometer 

823 

756 

371 

12 

Well 

785 

754 

372 

12 

Well 

785 

730 

373 

12 

Well 

785 

698 

374 

12 

Well 

785 

693 

375 

12 

Well 

785 

696 

376 

12 

Well 

785 

696 

377 

6 

Piezometer 

785 

693 

378 

6 

Piezometer 

785 

695 

379 

6 

Piezometer 

785 

700 

380 

6 

Piezometer 

785 

706 

381 

6 

Piezometer 

785 

748 

382 

6 

Piezometer 

785 

It 

383 

6 

Piezometer 

785 

is 

384 

12 

Well 

785 

708 

385 

12 

Well 

785 

714 

386 

24 

Well 

786 

<709 

387 

24 

Well 

784 

736 

388 

24 

Well 

786 

<705 

389 

24 

Well 

* 

* 

400 

* 

Well  Point 

785 

401 

* 

Well  Point 

785 

* 

402 

* 

Well  Point 

768 

403 

* 

Well  Point 

768 

* 

404 

* 

Well  Point 

768 

* 

405 

* 

Well  Point 

768 

* 

406 

* 

Well  Point 

768 

* 

407 

* 

Well  Point 

768 

* 

500 

4 

Piezometer 

805 

<754 

501 

4 

Piezometer 

805 

<753 

502 

4 

Piezometer 

805 

<754 

*Data  unavailable. 

Refer  to  plate  5  for  boring  locations. 
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4.04  Powerhouse  Additional  Units  Excavation.  The  powerhouse  additional  units 
contract  included  rock  removal  below  elevation  799  to  finish  grade  with 
installation  of  rock  bolts,  final  excavation  limits  for  overburden,  dewatering 
system,  rock  reinforcement  of  rock  piers  (dragon  teeth),  removal  of  the  cof¬ 
ferdam  and  cutoff  wall,  and  final  grading.  Most  overburden  was  removed  during 
the  previous  contract.  The  remaining  overburden  was  removed  by  front  end 
loader  either  to  top  of  rock  or  to  elevation  735  feet.  Approximately  340,000 
cubic  yards  of  common  material  and  97,000  cubic  yards  of  rock  were  removed 
from  the  excavation  area  under  both  contracts  (appendix  D). 

Rock  excavation  design  for  penstock  units  21  through  27  was  intended  to  result 
in  savings  by  a  "dragon  teeth"  pattern  of  vertical  walls  and  horizontal  sur¬ 
faces.  However,  increased  rock  bolt  and  wire  mesh  costs  for  rock  pier  rein¬ 
forcement  apparently  offset  the  reduction  in  excavation  costs. 

Powerhouse  rock  excavation  was  stringently  controlled  through  contract  speci¬ 
fications  and  constant  blast  monitoring.  See  appendix  D  for  the  report 
describing  preshear  testing  for  excavation  of  the  penstock  slots  and  power¬ 
house  addition.  Precision  rock  blasting  techniques  were  employed  to  preserve 
rock  formations  for  founding  the  powerhouse  service  deck.  Before  excavation, 
tops  and  upper  sides  of  the  "dragon  teeth"  between  the  penstock  slots  were 
somewhat  jagged  and  irregular  due  to  the  strike  of  both  primary  joint  sets 
being  45  degrees  to  the  trend  of  the  teeth.  The  sides  of  the  teeth  responded 
well  to  excavation.  Rock  bolts  were  systematically  installed  as  rock  excava¬ 
tion  progressed  downward  (figures  4-4  through  4-9).  The  intent  of  the 
stringent  contract  specification  was  to  prevent  damage  to  existing  concrete 
structures  on  the  final  design  rock  face  by  limiting  peak  particle  velocity. 

To  meet  contract  vibration  restrictions  for  final  bedrock  faces,  presplit 
shots  were  detonated  in  a  series  of  delays  with  only  three  line  holes  in  each 
shot.  Con-tract  blasting  specifications  are  in  appendix  D.  The  maximum  peak 
particle  velocity  (vectoral  sum)  allowed  was  2  inches  per  second  in  rock  at  a 
minimum  of  20  feet  distance  from  the  design  rock  face,  and  4  inches  per  second 
in  concrete. 
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FIGURE  4-3 


LEGEND  FOR  FIGURES  4-4  THROUGH  4-9 


Trace  of  dipping  Joint  plane  with  angle  and  direction  of  dip. 


-V"  Trace  of  vertical  joint  plane. 
\/\  - /\  Laaprophyre  Dike 


Rock  Bolt 
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MONO  22 


DRAGON  TEETH  MONOLITHS  22  AND  23 -VIEW  DOWNSTREAM 


DRAGON  TEETH  MONOLITHS  24  AND  25  -  VIEW  DOWNSTREAM 


MONO  26 


SECTION  5.  STRUCTURAL  MODIFICATION  INSTRUMENTATION 


5.01  General.  The  structural  modification  consisted  of  raising  the  dam 
10  feet  including  the  spillway  monoliths,  nonoverflow  sections,  intake  struc¬ 
ture,  closure  monoliths  and  abutments.  The  dam  consists  of  a  250-foot  long 
right  embankment,  4,820.5  feet  of  concrete  gravity  sections,  a  476-foot  long 
left  embankment  and  416  feet  of  buried  impervious  core.  The  concrete  gravity 
sections  consist,  from  right  to  left,  of  a  nonoverflow  section  (monoliths  1 
through  4),  a  spillway  section  (monoliths  5  through  24),  a  nonoverflow  section 
(monoliths  25  through  44,  plus  A  and  B),  an  intake  section  (monoliths  1 
through  27,  plus  S-l  and  S-2),  and  a  closure  section  (monoliths  C-l  through 
C-ll).  Refer  to  plate  7. 

5.02  Instrumentation  for  Spillway  and  Intake  Monoliths.  Instrumentation  has 
been  placed  throughout  the  dam  to  monitor  structural  behavior,  determine  bend¬ 
ing,  tilting  and  displacement  and  to  insure  safety.  Instrumentation  includes 
measurement  of  the  interior  concrete  temperatures,  joint  movements,  crack 
movements,  uplift  pressures,  leakage  and  structural  deflections.  The  follow¬ 
ing  paragraphs  describe  the  various  types  of  instrumentation,  their  location 
and  function.  Table  5-1  shows  instrument  locations  and  reading  schedule. 

5.02.1  Strong  Motion.  Instruments  for  measuring  seismic  response  of  the  dam 
are  installed  in  spillway  monolith  24  at  elevations  950  and  764  feet.  Another 
instrument  to  measure  ground  motion  is  installed  downstream  of  the  dam  on  the 
left  bank.  These  instruments  are  electrically  powered  with  an  emergency 
battery  power  and  automatically  record  when  triggered  by  seismic  activity. 

The  only  earthquake  recorded  to  date  was  by  the  downstream  strong  motion 
instrument  occurring  on  19  January  1979.  An  earthquake  of  local  magnitude  4.3 
occurred  approximately  5  to  7  miles  southeast  of  Chief  Joseph  Dam. 

5.02.2  Concrete  Temperatures.  Resistance  thermometers  were  embedded  in  the 
concrete  of  spillway  monoliths  13,  14,  15,  and  17  in  vertical  and  horizontal 
arrays  during  the  original  construction  of  the  dam.  These  thermometers  meas¬ 
ure  the  temperature  profile  throughout  the  monoliths  as  affected  by  water  and 
ambient  air  temperatures.  The  pool  raise  had  no  noticeable  effect  on  concrete 
temperatures,  and  the  thermometers  show  only  small  annual  variations;  there¬ 
fore,  the  readings  of  the  thermometers  in  monoliths  13,  14,  and  17  have  been 
discontinued.  Reading  of  monolith  15  thermometer  will  continue  on  a  monthly 
basis  to  provide  data  for  structural  evaluation. 

5.02.3  Crack  and  Joint  Meters.  Since  construction  of  the  dam,  Whittemore 
gage  points  have  been  installed  across  several  monolith  joints  and  exterior 
cracks  throughout  the  spillway  and  nonoverflow  monoliths  and  across  all  the 
monolith  joints  in  the  intake  and  closure  sections.  Manual  mechanical 
measurements  of  these  points  were  made  periodically  to  monitor  deviation  of 
movement  from  annual  cycles  of  movement  established  from  prior  measurements. 

In  1979-60,  electronic  joint  meters  were  installed  in  galleries  across  all  dam 
monolith  joints  and  one  crack  in  monolith  C-2.  These  meters  automatically 
read  both  axes  of  movement  in  the  horizontal  plane  by  means  of  variable  resis¬ 
tance  potentiometers.  Data  are  transmitted  by  wire  to  a  microprocessor 
located  in  the  control  room  of  the  powerhouse  and  transmitted  from  there  via 


TABLE  5-1 


Instrument  Type 
and  Humber  of  Total 

1.  Joint  Meters, 
Potentiometer 
Type,  85 


2.  Deformation 
Meters,  8 


3.  Deflection  Plumb- 
lines,  2. 


4.  Precise  Alignment 
Laser  Survey 


5.  Uplift  Pressure 
Cells 

a.  Gage  Type,  53 


b.  Air  Pressure 
Type ,  106 


INSTRUMENT  LOCATIONS  AND  READING  SCHEDULE 


Normal  Reading  Frequency 

_ and  Remarks _  Instrument  Location(s) 


Monthly  monitoring  con¬ 
trolled  remotely  from 
District  office. 


Discontinued  26  July 
1982 


Twice  monthly. 


Spillway:  All  mono  joints 
in  access  gallery.  El.  832 
Nonoverflow:  All  mono 
joints  in  nonoverflow  gal¬ 
lery.  Elevation  varies. 
Intake/closure:  All  mono 
joints  in  948  gallery. 

Spillway:  Drainage 
gallery,  monoliths  7,  9, 

16,  and  19,  2  each. 

Spillway:  Access  gallery 
and  drainage  gallery,  mono¬ 
liths  5  and  24. 


Twice  annually.  Laser  Intake:  960.75  gallery, 

survey  taken  at  maximum  monoliths  1-27. 
upstream  and  downstream 
deflections . 

Monthly. 


a.  Closure:  Drainage  gal¬ 
lery,  monoliths  C2-C11  (2 
each);  Cl  (1);  Intake:  drain 
age  gallery,  monoliths  12-14 
SI,  S21;  Spillway:  drainage 
gallery,  monoliths  1-6,  8, 
10-12,  14,  15,  19,  21,  24 

(1  each)',  Nonoverflow:  25, 
27,  30,  31,  A  (1  each), 

B  (2). 

b.  Cells  located  in  all 
sluices  of  monoliths  7,  9, 
11,  13,  and  16-23. 
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TABLE  5-1  (cont.) 

INSTRUMENT  LOCATIONS  AND  READING  SCHEDULE 


Instrument  Type 
and  Number  of  Total 

Normal  Reading  Frequency 
and  Remarks 

Instrument  Location(s) 

c.  Sounding 

Type,  77 

c.  Intake  monoliths  1-11, 
15-27  (2  each)  from  the 

948  gallery;  monoliths  3, 

11,  16,  17,  20,  22,  24  (2 
each)  from  the  960.75  gal¬ 
lery;  nonoverflow  monoliths 

28,  29,  32-44  (1  each). 

6.  Leakages 

a.  Joint  Drains, 

25 

Minimum  twice  annually 
(February  and  August), 
additional  readings 
required  under  certain 
conditions  (except 
weirs) . 

Drainage  Gallery:  Joint 
and  face  drains-spillway,  198. 
Foundation  Drains:  Spill¬ 
way,  248;  Intake,  34; 

Closure,  51. 

b.  Face  Drains, 

173 

c.  Foundation 
Drains,  333 

d.  Weirs 

Monthly. 

Nonoverflow  26,44;  Closures  Cl 
C4. 

7.  Sump  Discharge 

Measure  weekly. 

Spillway:  Monolith  15. 

8.  Whittemore  Crack 
Gages,  41 

Discontinued  22  July 

1982. 

Spillway  and  Nonoverflow: 
Downstream,  exterior,  mono¬ 
liths  3-5  and  24-43. 

9.  Resistance  Thermo¬ 
meters,  141 

Monthly  for  monolith  15 
only,  other  thermometers 
no  longer  read. 

Spillway:  Monoliths  13,  14, 
15,  and  17. 

10.  Piezometers, 

90 

Monthly. 

Right  abutment;  70  (3  taken 
out  of  service). 

Left  abutment;  20  in  serv¬ 
ice. 

11.  Relief  Tunnel 

Wells,  22 

Twice  annually 
(September  and  March). 

Relief  tunnel  in  right 
abutment. 
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Instrument  Type 
and  Number  of  Total 

12.  Relief  Tunnel 
Leakage 

13.  Slope  Indicator, 
Bridgeport  Slide, 
14 

14.  Foster  Creek 
Culvert  Flow 

15.  Settlement 
Monuments,  25 


Normal  Reading  Frequency 
and  Remarks 


As  directed  by  GT  Branch; 
survey  conducted  by 
District  Survey  Branch. 


Instrument  Location(s) 

Relief  tunnel  in  right 
abutment. 

Reservoir,  left  bank. 
(See  Figure  8-1) 


Foster  Creek 


21  on  top  and  downstream 
of  left  abutment;  4  on  top 
of  right  abutment. 


Weekly. 

Quarterly. 

Weekly. 
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telephone  to  a  computer  terminal  in  the  District  office.  Frequency  of  read¬ 
ings  can  be  varied  and  transmission  of  data  controlled  directly  from  the 
District  office.  The  automatic  system  became  fully  operational  in  May  1980. 
Movements  indicated  to  date  are  within  expected  ranges.  Readings  from  the  new 
instruments  do  not  correlate  with  past  Whittemore  gage  readings.  This  is 
attributed  to  inherent  inaccuracies  of  the  Whittemore  system  and  human  error 
involved  in  manual  readings.  Readings  of  Whittemore  gages  have  been  discon¬ 
tinued  at  joints  and  on  exterior  cracks. 

5.02.4  Plumblines.  Suspended  wire  plumblines  were  installed  in  the  access 
shafts  at  each  end  of  the  spillway  in  monoliths  5  and  24  during  the  contract 
for  pool  raising  structural  modifications.  The  plumblines  measure  monolith 
deflection  trends.  The  wires  extend  from  elevation  957  feet  near  the  top  of 
the  dam  to  the  approximate  elevation  of  767  feet.  Reading  stations  for  both 
plumblines  are  located  at  approximately  elevations  836  and  770  feet  at  inter¬ 
sections  of  the  access  shafts  with  galleries. 

5.02.5  Uplift  Pressures.  With  increased  height  of  the  dam,  determination  of 
uplift  pressures  at  the  foundation  was  critical  so  uplift  pressure  wells  were 
installed  in  all  spillway  monoliths,  intake  monoliths,  closure  monoliths,  and 
all  of  the  nonoverflow  monoliths,  except  monolith  26.  Locations  are  shown  on 
plates  in  appendix  A.  Three  types  of  readouts  are  used  for  the  uplift  pres¬ 
sures:  direct  reading  type  using  a  gage  for  measurement  of  the  uplift  pres¬ 
sure,  the  air  pressure  type  using  air  pressure  to  displace  a  column  of  water, 
and  sounding  wells  where  the  depth  to  water  is  measured.  Uplift  pressures  in 
the  spillway  section  are  generally  below  the  design  limits,  but  several  air 
pressure-type  cells  near  the  downstream  toe  of  the  dam  indicate  pressures 
above  design  assumptions.  The  intake  structure  uplift  monitoring  system  con¬ 
sisted  of  48  vertical,  size  EX  (1-1/2  inch  diameter)  holes  drilled  during  the 
structural  modification  contract.  These  holes  were  drilled  from  the  elevation 
948-foot  gallery  through  concrete  into  foundation  bedrock.  Two  uplift  wells 
were  drilled  each  in  monoliths  1  through  11  and  15  through  27.  Numerous 
uplift  wells  showed  erratic  water  level  readings  which  were  attributed  to 
water  leaking  through  the  horizontal  concrete  lift  joints.  Between  1981  and 
1983,  EX  holes  in  18  intake  monoliths  were  filled  with  grout  and  a  new  pair  of 
NHR  wireline  holes  (3-inch  diameter)  were  drilled  to  replace  them  (table  5-2). 
As-built  rock  elevations  beneath  the  dam  were  never  developed  for  the  initial 
foundation  report  published  in  1957.  Table  5-2  gives  uplift  boring  drilling 
data  (1981-1983)  completed  in  the  intake  structure  and  is  presented  here  to 
supplement  top  of  the  rock  elevation  data.  Location  of  the  intake  structure 
uplift  pressure  wells  are  shown  in  the  plan  view  on  plate  12  and  section  view 
on  plates  21,  22,  and  23.  The  wells  are  read  monthly  using  a  model  DR-760A 
Soiltest  water  level  indicator.  Remote  readout  electrical  devices  have  been 
purchased  and  will  be  installed  in  each  uplift  well.  PVC  pipes  were  grouted 
in  the  holes  to  near  top  of  rock  to  prevent  water  flowing  in  through  leaking 
concrete  lift  joints.  An  additional  pair  of  NHR  wireline  holes  were  drilled 
from  the  elevation  960.75-foot  gallery  in  monoliths  3,  11,  16,  17,  20,  22  and 
24  since  these  monoliths  were  considered  the  most  unstable.  In  May  1983,  the 
new  uplift  monitoring  system  was  complete.  Uplift  pressures  in  monolith  11  of 
the  intake  structure  continued  to  be  high.  In  1984,  additional  drain  holes 
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TABLE  5-2 


INTAKE  STRUCTURE  -  UPLIFT  PRESSURE  BORINGS 


Monolith 

Number 

Hole 

Number 

Elevation 
in  Feet 

Total  Depth 
in  Feet 

Depth  to  Rock 
in  Feet 

Elevation  at 
Top  of  Rock 

I 

1SE 

948 

88.7 

84.9 

863.1 

1 

1SW 

948 

92.5 

89.2 

858.8 

2 

2SE 

948 

92.5 

88.8 

859.2 

2 

2SW 

948 

88.5 

84.8 

863.2 

3 

3NE 

960.75 

114.2 

110.5 

850.3 

3 

3NW 

960.75 

113.3 

108.6 

852.2 

4 

4SE 

948 

90.1 

86.6 

861.4 

4 

4SW 

948 

92.5 

86.8 

861.2 

5 

5SE 

948 

89.0 

85.6 

862.4 

5 

5SW 

948 

89.5 

85.2 

862.8 

6 

6SE 

948 

90.7 

86.5 

861.5 

6 

6SW 

948 

90.5 

86.3 

861.7 

7 

7SE 

948 

89.5 

86.2 

861.8 

7 

7SW 

948 

92.5 

88.5 

859.5 

8 

8SE 

948 

90.9 

86.1 

861.9 

8 

8SW 

948 

91.0 

84.9 

863.1 

9 

9SE 

948 

90.5 

86.4 

861.6 

9 

9SW 

948 

90.5 

87.0 

861.0 

10 

10  SE 

948 

91.0 

88.2 

859.8 

10 

10SW 

948 

90.0 

85.9 

862.1 

11 

11NE 

960.75 

104.1 

100.4 

860.4 

11 

11NW 

960.75 

115.5 

110.1 

850.7 

15 

15  SE 

948 

91.5 

88.3 

859.7 

15 

15SW 

948 

90.5 

85.7 

862.3 

16 

16NE 

960.75 

102.5 

97.6 

863.2 

16 

16SE 

948 

90.5 

86.8 

861.2 

16 

16NW 

960.75 

103.5 

98.8 

862.0 

16 

16SW 

948 

90.5 

86.9 

861.1 

17 

17SE 

948 

90.5 

86.8 

861.2 

17 

17NE 

960.75 

100.5 

97.6 

862.4 

17 

17SW 

948 

90.5 

86.1 

861.9 

17 

17NW 

960.75 

100.5 

96.5 

863.5 

18 

18SE 

948 

89.7 

86.0 

862.0 

18 

18SW 

948 

89.5 

86.3 

861.7 

19 

19SE 

948 

90.5 

86.1 

861.9 

19 

19SW 

948 

94.8 

91.9 

856.1 

20 

20NE 

960.75 

120.9 

116.9 

843.9 

20 

20NW 

960.75 

124.5 

120.4 

840.4 

21 

21SE 

948 

107.5 

104.6 

843.4 

21 

21SW 

948 

110.5 

106.0 

842.0 

22 

22NE 

960.75 

125.5 

121.6 

839.2 

22 

22NW 

960.75 

122.5 

117.7 

843.1 

34 


TABLE  5-2  (cont.) 

INTAKE  STRUCTURE  -  UPLIFT  PRESSURE  BORINGS 

Monolith 

Hole 

Elevation  Total  Depth 

Depth  to  Rock 

Elevation  at 

Number 

Number 

in  Feet  in  Feet 

in  Feet 

Top  of  Rock 

960.75 


960.75 


were  drilled  in  the  eastern  end  of  the  lower  drainage  and  grouting  gallery  in 
monolith  12  to  intersect  faults  and  joints  in  monolith  11.  Uplift  pressures 
were  slightly  reduced.  High  uplift  pressures  occurred  in  monoliths  13  and  19 
during  the  winter  of  1985-1986.  The  high  readings  were  attributed  to  surface 
water  leaking  past  hole  collars.  Waterproof  caps  were  installed  and  readings 
decreased.  Leakage  is  also  occurring  at  some  of  the  pipe  fittings  of  the 
uplift  pressure  system  in  the  closure  monoliths.  All  other  monolith  uplift 
pressures  show  no  excessively  high  uplift  pressures. 

5.02.6  Laser  Alignment.  Movement  of  intake  monoliths  1  through  27  in  the 
transverse  (upstream-downstream)  direction  is  measured  by  means  of  a  projected 
laser  beam  through  the  gallery  at  elevation  960.75  feet.  Monolith  movements 
can  only  be  related  to  adjacent  monoliths  as  the  ends  of  the  survey  line  are 
not  fixed  points  and  cannot  feasibly  be  referenced  to  any  fixed  points.  Two 
surveys  of  alignment  prior  to  pool  raise  were  made,  and  12  post-pool  raise 
alignment  surveys  have  been  made.  Results  of  these  surveys  indicate  most 
monoliths  move  +0.10  inch  annually  in  a  direction  perpendicular  to  the  struc¬ 
ture's  longitudinal  axis  as  relative  to  their  position  in  June  1980. 

5.02.7  Leakage .  Leakage  from  all  sources  in  the  nonoverflow  and  spillway 
monoliths  1  through  25  is  collected  and  measured  in  the  sump  in  monolith  15. 
Leakage  into  the  nonoverflow  monoliths  26  through  35  is  collected  in  the  gal¬ 
lery  gutter,  measured  at  a  weir  in  the  gallery  gutter  in  mnnolith  26,  and  dis¬ 
charged  downstream  of  the  dam  through  a  pipe  in  monolith  26.  Leakage  into 
nonoverflow  monoliths  36  through  44  and  A  and  B  is  discharged  downstream 
through  a  pipe  in  monolith  B.  Foundation  drainage  in  the  closure  section  and 
monoliths  12,  S-l,  S-2,  13  and  14  of  the  intake  section  is  provided  by  drain 
holes  drilled  from  a  gallery  near  the  foundation  surface  as  shown  on  plate  12. 
The  remaining  intake  monoliths  do  not  have  such  gallery  and  foundation  drain¬ 
age  systems.  Eight  drain  holes  per  monolith  were  fanned  from  the  penstock 
apertures  in  the  upstream  third  of  each  monolith  with  each  group  connected  to 
a  collector  pipe  embedded  in  the  concrete  and  draining  to  the  downstream  side. 
All  drain  holes  were  angled  in  the  plane  of  the  dam  axis  to  intercept  an  opti¬ 
mum  number  of  joints.  There  is  no  means  to  monitor  leakage  from  these  drains 
and  they  should  be  considered  ineffective.  Past  experience  has  shown  that 
drains  in  the  foundation  rock  tend  to  become  clogged  with  mineral  crystal 
development  after  a  few  years.  There  is  no  means  of  access  to  these  holes  for 
cleaning,  as  is  done  periodically  for  all  other  foundation  drains  (see  figures 
4-1  and  4-2).  Additional  drains  were  drilled  under  the  intake  structure  from 
the  sloping  rock  face  downstream,  angling  slightly  upward  beneath  the  struc¬ 
ture.  These  drains  were  installed  along  with  rock  bolting  in  1974  as  a  sepa¬ 
rate  contract  to  the  additional  units.  All  of  these  holes  have  shown  minor 
seepage  since  completion.  Drain  holes  were  cleaned  in  the  summer  of  1984  and 
1985.  In  1986,  short  sections  of  PVC  pipe  were  installed, in  the  holes  to  pre¬ 
vent  plant  growth  and  blockage  of  drains.  Flow  from  gallery  drain  holes  in 
the  intake  section  is  so  low  that  measurement  is  impractical.  Flow  from  clo¬ 
sure  section  drains  appears  fairly  constant  throughout  the  year  (20  to  30  gpm 
total).  Originally,  leakage  into  the  drainage  gallery  of  the  closure 
monoliths  was  removed  by  gravity  drains  located  in  monoliths  C-l  and  C-4. 
During  structural  modifications,  the  gravity  drain  located  in  monolith  C-4  was 


36 


blocked,  and  efforts  by  the  project  staff  to  clear  the  drain  were  unsuc¬ 
cessful.  The  total  drainage  into  the  drainage  gallery  is  now  discharged 
through  the  gravity  drain  in  monolith  C-l.  Monitoring  of  leakage  is  by  means 
of  a  weir  in  the  drainage  gutter  of  C-4  and  a  weir  in  the  drainage  gutter 
immediately  upstream  of  the  gravity  drain  in  monolith  C-l. 


( 
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SECTION  6.  RIGHT  EARTH  AND  ROCKFILL  EMBANKMENT  AND  ABUTMENT 


6.01  General .  A  zoned  wraparound  embankment  consisting  of  an  impervious 
core,  filter,  random  fill,  rockfill,  and  riprap  section  serves  to  limit  seep¬ 
age  and  to  tie  the  concrete  da^j  to  the  right  abutment.  The  right  abutment  is 
composed  of  highly  pervious  gravel,  30  to  100  feet  thick,  sandwiched  between 
bedrock  and  overlying  glacial  till.  Right  abutment  seepage  control  features 
consist  of  impervious  blankets,  wells  and  a  relief  tunnel  which  are  discussed 
in  the  following  paragraphs. 

6.02  Relief  Tunnel.  The  relief  tunnel  was  constructed  in  the  right  abutment 
during  original  dam  construction  to  control  seepage.  The  tunnel  contains  22 
relief  wells  and  has  a  discharge  capacity  of  100  cubic  feet  per  second  (cfs). 
The  tunnel  discharges  into  the  spillway  apron.  Since  initial  raising  of  the 
reservoir  in  1955,  flow  from  the  tunnel  has  gradually  diminished  from  a  maxi¬ 
mum  of  93  cfs  in  June  1955  to  the  present  average  discharge  of  about  25  cfs. 
Seepage  discharge  has  responded  in  a  predictable  manner  to  the  reservoir  raise 
to  elevation  956  in  February  1981.  In  1982,  a  permanently  mounted  velocity- 
discharge  meter  was  installed  in  the  tunnel  to  permit  remote  reading  of  relief 
tunnel  flows. 

6.03  Piezometers.  Forty-seven  piezometer  wells,  12  of  which  are  multistage 
piezometers  have  been  drilled  into  the  right  abutment  at  locations  shown  on 
plate  19.  All  piezometers  were  installed  from  1944  through  1972  to  aid  in 
evaluating  right  abutment  seepage  and  the  effectiveness  of  seepage  control 
measures.  Piezometric  water  levels  are  measured  monthly. 

6.04  Upstream  Seepage  Control  Blankets.  During  construction  of  the  dam,  an 
impervious  blanket  was  placed  extending  from  the  wraparound  section  at  the  end 
of  the  dam  upstream  for  2,000  feet.  Construction  materials  for  the  blanket 
were  excavated  from  a  glacial  till  source  located  on  the  right  bank  at  the 
upstream  end  of  the  blanket.  In  1957,  the  impervious  blanket  was  extended 
2,000  additional  feet  to  further  reduce  seepage,  however,  the  blanket  exten¬ 
sion  had  no  apparent  significant  effect  on  abutment  seepage.  Study  of  sea¬ 
sonal  ground  water  temperatures  in  relation  to  reservoir  temperatures 
indicated  an  apparent  high  permeability  zone  near  the  top  of  the  original 
impervious  blanket  about  1,000  feet  upstream  from  the  dam.  In  1973,  five 
piezometers  were  drilled  behind  the  impervious  blanket  to  verify  that  a  leaky 
zone  existed.  Study  of  piezometer  data  between  1955  and  1972  revealed  a 
rising  piezometric  surface  in  the  abutment  upstream  of  the  dam  behind  the 
impervious  blanket.  A  study  of  ground  water  temperatures  in  relation  to 
cyclic  reservoir  temperatures  indicated  that  the  raised  level  was  caused  by  a 
zone  of  high  permeability  near  the  top  of  the  original  impervious  blanket 
about  1,000  feet  upstream  of  the  dam.  Construction  records  show  that  the 
blanket  was  left  low  in  the  area  because  of  the  apparent  nature  of  the  soil. 

In  1976,  the  impervious  blanket,  extending  from  the  dam  to  1,300  feet 
upstream,  was  raised  from  elevation  870  feet  to  940  feet.  The  impervious 
blanket  was  extended  underwater  by  lowering  buckets  of  graded  silty  gravel 
below  the  water  to  the  working  surface.  Since  raising  and  extending  the 
blanket,  piezometer  data  (through  1987)  indicates  that  the  piezometric  surface 
has  stabilized.  Monthly  observation  of  existing  piezometers  in  the  abutment 
area  serve  for  tracking  the  piezometric  head  within  the  aquifer. 
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SECTION  7.  LEFT  ABUTMENT 


7.01  General.  The  embankment  for  the  intake  closure  section  on  the  left 
abutment  is  founded  on  bedrock  and  constructed  to  crest  elevation  970  feet. 

The  zoned  embankment  consists  of  an  impervious  core,  upstream  and  downstream 
filters,  random  fill,  rockfill,  and  riprap  section.  A  buried  cutoff  wall 
approximately  416  feet  long  connects  the  zoned  embankment  to  the  rock 
abutment.  The  buried  cutoff  wall  is  founded  on  bedrock  and  consists  of  an 
impervious  core  with  upstream  and  downstream  filters.  Near  the  middle,  where 
a  depression  in  the  rock  surface  is  crossed,  the  bottom  20  to  30  feet  of  the 
core  consists  of  concrete.  During  1982,  18  piezometer  wells  and  14  settlement 
monuments  were  placed  in  this  vicinity  to  monitor  seepage  and  observe 
settlement  adjacent  to  the  buried  cutoff  wall.  Studies  indicated  that  the 
observed  subsidence  was  probably  the  result  of  settling  of  poorly  compacted 
backfill  both  upstream  and  downstream  of  the  buried  cutoff  wall.  Continued 
analysis  of  adjacent  piezometers  indicate  that  the  seepage  cutoff  wall  is 
functioning  as  designed  (U.S.  Army  Corps  of  Engineers,  1986).  A  complete 
discussion  of  the  investigation  is  found  in  Chief  Joseph  Dam  Periodic 
Inspection  Report  No.  7,  October  1984. 

7.02  Construction  History.  The  impervious  cutoff  (core  wall)  was  constructed 
in  1953.  Between  1976  and  1980,  the  core  wall  was  raised  to  elevation  965 
feet  for  added  freeboard.  In  February  1981,  the  reservoir  was  raised  to  new 
normal  maximum  operating  level  of  956  feet. 

7.03  Geology.  The  left  abutment  is  characterized  by  an  irregular  granitic 
bedrock  surface  overlain  by  glacial  outwash  consisting  of  sand  and  sandy  grav¬ 
els  and  construction  fill.  Joints  within  the  bedrock  are  locally  open,  some 
times  1  to  2  inches.  The  near  surface  material  is  an  uncompacted  variable 
mixture  of  blasted  rock  rubble,  sand,  and  gravel.  Voids  are  found  in  various 
areas  throughout  the  rock  rubble  fill.  During  periods  of  cold  winter  weather, 
numerous  citings  have  been  made  of  vapor  rising  from  fill  areas  on  the  left 
bank.  This  phenomenon  was  first  reported  to  Seattle  District  geologists  in 
the  1960's  and  the  occurrences  continue  to  date.  The  vapor  may  be  explained 
by  atmospheric  pressure  changes  acting  in  combination  with  certain  subsurface 
ground  conditions.  A  portion  of  the  rockfill  may  form  a  constriction  over  a 
porous  media.  This  is  analogous  to  a  bottle  with  a  narrow  opening.  When  the 
region  is  subjected  to  high  atmospheric  pressure,  the  air  pressure  in  the  sub¬ 
surface  tends  to  achieve  equilibrium.  As  a  low  pressure  storm  moves  into  the 
area,  a  pressure  differential  is  created  between  the  surface  and  subsurface. 
The  high  pressure  air  within  the  porous  media  escapes  upward  much  like  a  bal¬ 
loon  releasing  air.  Since  the  year-around  ground  temperature  is  50  to  60 
degrees  Fahrenheit,  the  subsurface  air  tends  to  be  the  same.  As  the  warmer 
air  rises  into  the  colder  air,  a  vapor  resembling  steam  is  created.  Where 
this  vapor  is  found,  the  adjacent  ground  surface  can  be  expected  to  be  free 
of  snow.  To  date  no  hydrothermal  activity  has  been  recognized  in  the  vicinity 
of  the  dam. 
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7.04  Investigations.  Several  backhoe  trenches  were  excavated  both  north  and 
south  of  Pearl  Hill  Road  to  confirm  the  configuration  of  the  core  wall.  The 
core  wall  alignment  is  as  shown  on  plate  18.  Sixteen  borings  were  drilled  and 
converted  into  piezometers.  Borings  were  drilled  to  determine  material  prop¬ 
erties,  bedrock  configuration  and  ground  water  conditions.  In  addition, 
several  backhoe  trenches  were  excavated  in  and  adjacent  to  the  downstream 
settlement  area.  Pockets  of  coarse  rockfill  were  observed  in  the  sides  of 
these  trenches.  Bedrock  surface  contours  were  developed  from  photographs, 
foundation  excavation,  and  exploratory  data  and  are  shown  on  plate  18. 

Bedrock  contours  indicate  a  low  area  in  rock  that  extends  downstream  from  the 
core  wall  and  then  closes.  The  contours  delineate  a  local  closed  bathtub-like 
depression  in  rock  between  the  core  wall  and  higher  rock  downstream.  This 
closed  area  acts  as  a  water  trap  and  collects  seepage  and  surface  runoff  when 
water  inflow  exceeds  drainage  capability. 

7.05  Conclusion.  The  impervious  corewall  appears  to  be  intact  and  function¬ 
ing  as  designed.  There  is  no  evidence  of  seepage  through  the  corewall,  how 
ever,  there  is  evidence  of  seepage  through  joints  in  the  bedrock  underlying 
the  wall.  The  settlement  area  downstream  from  the  corewall  is  probably  the 
result  of  consolidation  of  poorly  compacted  backfill. 


SECTION  8.  RESERVOIR  SLOPES 


8.01  General.  Since  the  reservoir  was  increased  to  elevation  956  feet  in 
February  1981,  minor  progressive  erosion  and  beach  development  have  occurred. 
Reservoir  related  slumping  in  glacial  till  has  developed  along  the  right  bank 
for  several  miles  upstream.  Slumping  in  the  glacio-lakebed  silts  and  clay  and 
raveling  in  certain  sand  and  gravel  terraces  are  common  in  steep  bank  slopes 
around  the  reservoir. 

8.02  Bridgeport  Slide.  Bridgeport  Slide  (figure  8-1)  is  located  on  the  left 
(south)  bank  just  upstream  from  Chief  Joseph  Dam.  The  status  report  of  the 
slide  is  found  in  Chief  Joseph  Dam,  Periodic  Inspection  Report  No.  8,  April 
1986.  The  slide  encompasses  an  area  2.5  miles  long  by  0.5  mile  wide.  Initial 
sliding  is  prehistoric,  but  portions  of  the  slide  mass  are  currently  being 
affected  by  the  reservoir.  Slide  movement  near  the  upstream  end  of  the 
Bridgeport  Slide  required  abandonment  and  relocation  of  a  portion  of  Douglas 
County  Road  321  during  the  1970 's.  Easements,  which  restrict  land  use  around 
the  reservoir  periphery,  have  been  obtained.  Such  easements  include  existing 
landslides  adjacent  to  the  reservoir  and  areas  subject  to  erosion  by  the 
reservoir.  Recent  fresh  cracking  of  the  ground  surface  is  visible  several 
hundred  feet  upslope  from  the  abandoned  road.  The  slide  is  monitored  using 
photogrammetric  methods  at  least  twice  annually  and  inclinometers  are  measured 
approximately  four  times  per  year.  The  Bridgeport  Slide  poses  no  apparent 
direct  threat  to  the  dam. 
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SECTION  9 .  SUMMARY 


No  serious  foundation  problems  relating  to  foundation  stability  were  antici¬ 
pated  prior  to,  or  developed  during,  construction.  In  general,  the 
foundations  of  the  dam  and  powerhouse  are  of  excellent  quality.  Only  minor 
structural  defects  were  found  in  the  foundation  and  were  readily  corrected 
through  standard  bedrock  foundation  preparation  techniques. 
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LEGEND: 

▲  UPLIFT  PRESSURE  CELL 

-DESIGNATED  BY  MONOLITH  NUMBER  AND 
DIRECTIONAL  LOCATION 
(SE  -  SOUTHEAST) 

L  LASER  STATION 

MAJOR  FAULT  SHOWING  DEGREE  OF  DIP 
• "  MINOR  FAULT  SHOWING  DEGREE  OF  DIP 


r^r^r 


APPROXIMATE  TOP  OF  ROCK 


— 850 


B  GALLERY  PROFILE 


TYPICAL  GROUT  AND  DRAIN  HOLE 
RELATIONSHIP  FOR  INTAKE  MONOLITHS  1  THROUGH  9 
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EL.  960.75  GALLERY 


LOOKING  SOUTH 


60.75  QALLERY  PROFILE 
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-k _ L  EL.  §60.75  GALLERY 


1  GROUT  HOLE 


TYPICAL  GROUT  AND  DRAIN  HOLE  RELATIONSHIP 
FOR  INTAKE  MONOLITHS  18  THROUGH  27 


LOOKMG  SOUTH 


•  •  10  V 

I - 1 - 1 - 1 

SCALE  IN  FEET 


5rV 


M0.79  GALLERY 


-  •1RI*»T*9 

o  f  I  feet 
“1*1 


!v 


57 

*/  ' 

'  / 

/ 

/ 


COLLECTOR  PIPE 
(ELEVATION 
"V - VARES) 
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APPENDIX  B 

CONSTRUCTION  PHOTOGRAPHS 
TABLE  OP  CONTENTS 

f 

t 

l  Powerhouse,  1974 

|  Coffer daw  Enclosure,  1976 

Penstock  Slots  21  Through  27 
Excavation  for  Units  20  Through  27 

!  Service  Deck  Piers 

Aerial  View,  1978 


B-2 

B-19 


?  c 


Page 

B-l 

Through  B-17 
B-18 

Through  B-24 
B-25 


Penstock  openings  prior  to  additional  units  construction  (Aug.  1974) 


Cofferdam  enclosure  looking  downstream  (Feb.  1976) 


View  of  west  side  of  penstock  slot  21  showing  service  deck  pier  resting  on  old 
bridge  abutment  concrete.  (Feb.76) 


Panstock  slot  22  (Fab.  78) 


Psnstock  slot  23  (Fab.  76) 


East  side  of  penstock  slot  24  (Nov.  75) 


B-6 


Penstock  slot  26  (Feb.  76} 


Penstock  slots  26  and  27  (July  76) 


B-12 


• 


View  looking  west  of  service  deck  pier  forms  founded  on  bedrock  “Dragon’s 
Teeth”  (Feb.  76) 


View  looking  east  of  Dragon’s  Teeth  and  right  side  of  penstock  slot  27  in 
foreground  (Feb.  76) 


B-14 


West  side  of  penstock  slot  23  (Feb.  76) 


West  side  of  penstock  slot  23  (Feb.  76) 
Note  lempropbyre  dike  below  forms 


B-17 


View  looking  east  showing  penstock  units  21  through  27  (6  Feb  1976) 


View  looking  south  of  powerhouse  bays  26  and  27  (January  1976) 


B-22 


View  looking  east  of  powerhouse  units  17  through  24  (23  Jul  76) 


View  looking  northeast  showing  service  deck  bedrock  piers  22-27  (1 1  December  1975) 


_  £hlKJQSfftt.Q£& _ PROJECT 


COLUMBIA 


RIVER 


CHIEf  JOSEW  OAM 


PROJECT 


COLUMN  A 


DEPTH  OP  HOLE _ 

DEPTH  OP  0.8. _ 

ROCK  DRILLED _ 

%  COPE  RECOVERED. 

140.0  DIAMETER  OP  HOLE  6"  OB  A  NX  in  rock 

'14.0  .  DATE  STARTED  10_Morch  1967 

.26.0  _  DATE  COMPLETED  4  April  1967 

W  4  CONTRACTOR  Leof  DrillingCo. 

SURFACE  EL  809.9 

HOLE  NO  67-CD-309 

R  555^69 - 

C  2.291.060  j 

jjjS 

11 

m 

1 

DESCRIPTION  Of  MATERIALS 

797.9 

10  * 

1 

M 

Sandy  GRAVEL  (c aorta)  w/silt  & 
occasional  cobbles  (12"),  danu,  gray 

6“  gravel  road  surface 

6"  casing  to  rock 

20  ' 

GM 

Silty  Sandy  GRAVEL  (coarse)  w/ 
occasional  cobbles  (8") ,  danaa ,  gray 

789.9 

Silty  Sandy  GRAVEL  (coarse)  w/ 
occasional  cobbles  A  boulders,  (16"), 
loose  to  dense ,  gray 

30  " 

1 

GM 

Water  level  34 .3* 

40  : 

50 

1 

751.9 

i 

60 

■ 

[  I 

SAND  (medium)  w/silt,  moist,  brown 

741.9 

m 

UM 

1 

GM 

Silty  Sandy  GRAVEL  (coarsa)  w/ 
occasional  cobbles  ( 12”)  gray -brown 

ii 

Material  heaved  6'  while 
driving  cosing.  Boulder 
at  94'  to  95.7’. 

714.2 

710.9 

100* 

GM 

Silty  Sandy  GRAVEL  (coarse),  loose, 
i  wet,  B»oy 

-  X 

SAND  (fine),  wet,  gray 

Jr 

Surface  el  809.9 


HOLE  NO  67 -CD -309 


365,709 


DESCRIPTION  OF  MATERIALS 


REMARKS 


Silt/  Sand/  GRAVEL  w/numerous  cobbles 
&  boulders  (24”) 


Top  of  rock  1 14. O' 


GRANODIORITE,  fine  to  coarse  -groined  NX  casing  to  115.0' 
light-gray,  medium  hard  to  hard. 

Most  joints  at  0.5'  to  4.0'  intervals  100%  water  return, 

w/4iorizontai  to  70  degree  dipt;  all  joints  brown  from  1 15.0-1 18.0 
slickensided  w /minor  chlorite  alteration. 


LAMPROPHYRE,  fine-groined,  dark,hord 

Core  lots  as  0.4'  stub  in 


bottom  of  hole 


CHIEF  JOSEPH  DAM 


PROJECT  COLUMMA 


RIVER 


CHIEF  JOSEPH  DAM 


PROJECT  COLUMBIA 


RIVER 


DEPTH  OF  HOLE _ 112,0 _ DIAMETER  OF  H0LE_61OJtJLMXin_r«l'_  _ 

DEPTH  OF  O.i. _ $LQ _ DATE  STARTED _ 3LMc*-tftZ _ 

ROCK  DRILLED _ 58.0 _ DATE  COMPLETED.  J5_June  1?67 _ 

%  CORE  RECOVER  ED  _  12Q2> _ CONTRACTOR _ LenLCriilina-Cfl, _ 


SURFACE  EL  SI0.2 


HOLE  NO  67-CD-3 1 1 


DESCRIPTION  OF  MATERIALS 


BOULDERS  &  COBBLES  w/silty  sandy 
grovel,  loot*,  dry 


Silty  Sandy  GRAVEL  w/oceasionol 
cobbles 


Silty  SAND  (fine)  loose,  dry,  ton 


REMARKS 


BOULDERS  &  COBBLES  w/silty  sandy 


i  I  tv  Sandy  GRAVEL,  loose,  da 


Silty  SAND  (fine)  loose,  brown 


I  Silty  SAND  (fine)  w/occasional  gravel 
Silty  SAND,  loose,  brown 


Toe  of  rock  55.0' 


NX  casing  to  55.2' 


GRANODIORITE ,  medium  to  coarse 
grained,  light  gray,  hard  No  core  loss. 

Few  minor  oplite  and  pegmotite  veins, 
hard 

Most  joints  at  0.2'  to  3.0  intervals  w/ 

0  degrees  to  90  degree  dip 

Minor  slickensldes  on  joints  at  66 . 7,  67.1  Inflow  test 58  .0-70.0 
73.7  ,  77.3  ,  79.0  ,  81.0  ,  90.0  ,  97.8,  No  inflow  at  50* 

108.8  Inflow  test  68.0  -  79.0 

Inflow  0.03  CFM  at  60* 

Inflow  test  77.8  -  88.8' 
No  inflow  of  70* 


Lamprophyre  dike,  fine -groined,  dark  - 
groy,  hard,  contacts  dip  45  degrees 


Inflow  test  88. 8‘-  104. Cf 
No  inflow  at  60* 


Tl*K**M 


.97.2 


Bottom  1 13  .0 


CHIEF  JOSEPH  DAM 


PROJECT 


COLUMBIA 


RIVER 


_  JCHKElPSfeHfiAM- _ PROJECT  _  _QQWt£6)6. _ RIVER 


DEPTH  OP  HOLE _ 1J0.8. _ DIAMETER  OF  HOLE ilQ_S J._NX  irwoc_k_ 

OCPTH  OF  0.1. _ Jh. 0 _ DATE  STARTED.  _  i2_Marthj?§7 _ 

ROCK  DRILLEO _ i7J* _ DATE  COMPLETED.  _ 

%  CORE  RECOVERED.  98J _ CONTRACTOR _ l»gLRiiiliM-Ca,_  _ 


SURFACE  EL  ail.9  HOLE  N067<D-3I3 


DESCRIPTION  OF  MATERIALS 


,  365,515 

E  2,291.316 


REMARKS 


Gravelly  Silty  SANO,  gray 


4”  Asphalt  pavement 
w/12“  gravel  tubboM 
at  surface . 

6“  casing  to  rock 


Silty  Sandy  GRAVEL  w/occasional 
cobbles 


lobbies  A  boulders  w/silty  sandy  gravel 


Gravelly  Silty  SAND,  gray 


Water  level  31 .6' 


GRANODIORITE,  medium  coarse-  Nx  ca,ing  to  436 

grained,  light-gray  to  gray-green,  hard  |nf)ow  tmt  48.0-64.1 

0.03  CFM  at  SO* 

Most  joints  at  0.3'  to  6.0'  intervals 

w/1«orizontal  to  80  degree  dips 

All  joints  slickensided  w/chlorife  coatings 


Inflow  test  63.0  -  74.0 
No  inflow  at  60^ 


Pegmatite,  1'  wide,  ot  depth  66.0 


Inflow  test  73 A  -  84.5 
0.05  CFM  ot  80* 

Core  losses  of  0.3' 

0.5'  by  grtading  at  74.0 

GRANODIORITE  GNEISS,  1’  wide  ot  4  78,0 
79'  depth,  fine-grained,  durk-gray,  hard, 
ontocts  dip  1 5  degrees  Inflowtest  83.2  -  94.0 

No  inflow  at  80* 


TRANODIORITE  as  above 


Inflow  test  94.1  -  110.8 
No  inflow  ot  90* 


CHIEF  JOSEPH  DAW 


PROJECT  __  COLUMBIA 


RIVER 


DEPTH  Of  HOLE _ UL* _ DIAMETER  OF  HOLE8"_QB  &  NX  in  rock _ 

DEPTH  Of  O.B _ JOJ>_ _ DATE  STARTED.  _  2SJAayJ%7_ _ 

ROCK  DRILLED _ ili* _ DATE  COMPLETED,  Z.-!^  I9!7 _ 


*  CORE  RECOVERED.  2?J) _ CONTRACTOR _ Uaf  Drilling  Co. 


|  SURFACE  EL  809.8 

HOLE  N067<t>-3i4 

5  365,458  "™ 

E  2,291,106 

SSS 

BQ9.8 

I 

ORA 

me 

LOO 

CORE 

% 

9  « 

DESCRIPTION  OF  MATERIALS 

REMARKS 

m 

GM 

Silty  Sandy  GRAVEL 

6“  eating  to  rock 

801.8 

798.8 

i£L_ 

sw 

Silty  SAND  (fin*),  ton 

2sH 

GM 

Z 

Silty  Sandy  GRAVEL,  groy 

788.8 

- 

Wat*r  I* v*  1  24.0' 

jbJ 

40  : 

SM 

I 

Silty  SAND  (fin*),  loot*,  tan 

760.8 

jqJ: 

X 

”^5rov*lly  Silty  SAND,  Br<>y 

759.2 

,  ^ 

Top  of  Rock  50.6’ 

GRANODIORITE,  nwdium  to  coarte- 
groin*d,  light-gray,  hard;  trac* 
foliation  at  30  -  40  d*gr**  dip 

joint!  at  0.  T'  to  4.0'  intarvali  w/20  to 

80  d*gr**  dipt,  many  jointt  ilick*niid*d 

A  chloritizad 

i/16"  to  1/8"  gaug*  *t  53.2,  61.8, 

67.2  ,  89.2,89.6,  103.0  &  111.0 

8  ,  S  ,  8  S  S 

w-LLLLUJJ  .11111111  .m  lull  .ml  II II  .11  III  II 

& 

s(/5 

$ 

NX  eating  to  51 .4 

Wat*r  rttum  100% 

Inflow  t*tt  54.2  -  67 .2 
0.11  CFM  at  60* 

Inflow  t*»t  67.2  -  79.7 
0.11  CFM  at  80* 

Inflow  t*tt  76.0  -  87.0 
No  inflow  at  80* 

Inflow  t*»t  85.3  -  1003 
No  inflow  ot  8Qf 

___ 

C-13 


_  StiKL  J£>Slttl£4M- _ PROJECT  _  JCOJJ4MIJA— 


_ RIVER 


DEPTH  OF  HOLE _ 

_74J0__ 

DIAMETER  OF  HOLE  6"  OB  ANX  in  rock 

DEPTH  OF  O.S - 

.  46J__ 

.  _  DATE  STARTED _ 

J7_Moy_l967 _ 

ROCK  OftILLEO _ 

27.5 

.  _  DATE  COMPLETED. 

19  May  1967 

%  CORE  RECOVERED. 

100% 

CONTRACTOR _ 

_Leof_DriJJ ing  Co. _ 

SURFACE  EL  810>8  HOLE  N067-CD-315 


DESCRIPTION  OF  MATERIALS 


y  GRAVEL 


Gravelly  Silty  SAND 


Silty  SAND  (fine)  loot 


365,457 


REMARKS 


12"  Asphalt  concrete 
at  surface 
6"  casing  to  rock 


SUtj^Sondy  GRAVEL  w/cobbles  & 


Gravelly  Silty  SAND 


Silty  SAND,  loose,  tan 


Silty  Sandy  GRAVEL  compact,  dry, 
groy 


Top  of  Rock  46.5' 
GRANODIORITE,  mod.  to  coarse¬ 
grained,  light-gray,  hard 

Joints  at  0.2  to  2.0'  intervals  w/ 
horizontal  to  85  degree  dips 
Sllckensldst 55.9,  56.7,  58.2  ,  59.3, 
61.0 


NX  casing  la  47.1 
100%  water  return 
No  core  loss 


SCHIST,  biotite,  hornblende -rich 
fine-grained,  dork,  mad.  hard 


GRANODIORITE  as  above 


Bottom  74.6' 


SURFACE  EL 


811.8 


HOLE  NP67<D  -316 
DESCRIPTION  OF  MATERIALS 


CHIEF  JOSEPH  DAM  PROJECT  COLUMBIA 


RIVER 


am  JOSEPH  DAM 


PROJECT 


COLUMBIA 


RIVER 


C-20 


CHIEF  JOSEPH  DAM 


PROJECT  COLUMBIA 


RIVER 


1 _ 

DEPTH  OF  HOLE _ 

DEPTH  OF  O  B. _ 

ROCK  ORILLED _ 

%  CORE  RECOVERED. 

108.1  DIAMETER  OF  HOLE  6"  08  &  NX  in  OB  A  rock 

36,8  DATE  STARTED  27  March  1967 

_7L3 _ DATE  COMPLETED.  24  Ajjril  1967 

99.6  CONTRACTOR  Leof  Drillinq  C<*. 

SURFACE  EL  8l0., 

HOLE  NO  67-CD-319 

5  365,474 

E  2,291.452 

II 

B 

DESCRIPTION  OF  MATERIALS 

REMARKS 

GM 

1 

Silty  Sandy  GRAVEL,  loose,  gray 
(Probably  fill) 

2“  Asphalt  surfacing 

6"  casing  &  chum 

Drill  hole  to  17'  depth. 
NX  casing  reamed  to 

27.0' depth 

793.1 

■ 

Hole  advanced  w/NX 

Bit  to  36.0' 

Cuttings  show  sand 

100%  water  return 
(Possible  till) 

NX  casing  reamed  to 
rock 

20  " 

-1 

SM 

Silty  SANt),  compact 

773.3 

- 

Top  of  Rock  36.8' 

Water  .level  35.0' 

J 

- 

60 

*7' 

/i 

>x 

GRANODIORITE,  medium  to  coone- 
g rained,  light-gray,  hard,  trace 
foliation  at  20  degrees  to  40  degree 
dip,  brecciated  to  depth  45.0'  &  break 
healed  w/chlorite 

Joints  moetly  at  0.1'  intervals  to  depth 
45',  below  45'  joints  at  0.1'  to  5.0' 
intervals  w/mony  sliekensided 

Contact  dim  35  decrees 

NX  cming  to  36.8 

Woter  return  100% 

i 

Inflow  test  39  -  55' 

No  inflow  at  50* 

Inflow  test  54.2  -  65.2' 
Neg.  inflow  at  60* 

No  inflow  at  30* 

Inflow  test  64.3  -  79.3' 

R 

SCHIST,  f  in« -groinad ,  dork -gray, 

^  mod  Hard,  biotifa-Hornbland* -quart*  A 
\  felrknrsr  foliation  dim  35  degrees  / 
GRANODIORITE  as  above 

Contact  dim  35  degrees 

No  inflow  of  70* 

<*h! 

2* 

”\  Schist  as  above 

Inflow  toif  78  -  89* 

No  inflow  af  80* 

■ 

n* 

■ 

DBigaM 

1 

3Hl 

ioo" 

GRANODIORITE  m  obove 

— C nntnrt  dips  30  d»BT«tl _ _ 

Inflow  fast  90  -  101' 

No  inflow  af  80* 

C-23 


o  O 


CHIEF  JOSEPH  DAM 


PROJECT 


COLUMBIA 


RIVER 


CHIEF  JOSEPH  DAM 


PROJECT  _  _  COLUMBIA 


RIVER 


_ fJIVE* 


CHIEF  JOS££H_OAM _ PROJECT _ ^OLUMtlA 


RIVER 


DEPTH  OF  HOLE _ 132.-3 _ DIAMETER  OF  HOLEA"Oi_ANX  jnrock_ 

DEPTH  OF  O.B _ 35.5 _ DATE  STARTED _  _  2P  Wafehl%?_  _  _ 

ROCK  DRILLED _ J3;8 _ DATE  COMPLETED.  LM?jr.l?67 _ 

%  CORE  RECOVERED^7 _ CONTRACTOR _ JW-DrlHi-ij  Co.  _ 


SURFACE  EL  823  8 


HOLE  NO  67-CD-326 


365,538 


rW^KrlSM 


DESCRIPTION  OF  MATERIALS 


REMARKS 


BOULDERS  w,  cobbles  and  silty  sandy  6“  casing  So  rock 
gravel,  gray 

Drill  water  runs  out 
through  boulders 


COBBLES  &  coarse  GRAVEL  w/silty 
C8LS  I  sand,  gray 


GRANODIORITE.  medium  to  coarse-  NX  c  t0  *.8 
grained  l.ght-gray,  hard,  trace  foliation  W(jter  r.tyrn  1Q0% 

at  30  -  40  degrees  , 

a  Inflow  test  38.0  -  49. 0‘ 

0.19CFM  ot  40* 


Jointed  at  0.  V  to  3.0'  intervals  w/5  to  Woter  level  48.0' 

85  degree  dips,  most  joints  slickensided 

iron  stains  on  most  joints  to  50.0'  ond  on  Inflow  test  47.6  -  60.6' 
few  to  96.0'  0.03  CFM  at  60* 


^OU8*'  '/%■'  tP  «  ^9'W  °!  to’n  n  '"fow  test  59.0  -  70.0' 
Gouge.  1/8  ,  dip  85  degrees  at  59.0  &  Nq  ijrf,  ,  70# 

61.0 

Rock  shattered  and  chlorite  healed  60.4- 
61.7  ,  73.4  -  74.5  ,  92.0  -  99.9 


Inflow  test  69  -  80* 
0.05  CFM  ot  80* 


Inflow  test  78.2  -  93.2' 
0.16  CFM  of  80* 


Irregular  contacts 


nflow  test  91.6  -  102.6' 
3.16  CFM  at  80* 


GRANODIORITE  as  above 


CHIEF  JOSEPH  DAM 


PROJECT 


COLUMBIA 


RIVER 


I 
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CHIEF  JOSEPH  DAM 


PROJECT _ COLUMBIA 


RIVER 


OEPTH  OF  HOLE.  _  19^3 _ DIAMETER  OF  HOLE.  _  OB  A  NXJnrock. 

OEPTH  OF  0.8. _ J6LQ _ DATE  STARTED _ 0**ii.J?67_ _ 

ROCK  ORILLEO _ Z5^.3_ _ DATE  COMPLETED _ !£4>!xl?i? _ 

%  CORE  RECOVERED’J  .2 _ COW  TRACTOR  _  L*of  Pd1  !ina  Co_, _ 


SURFACE  EL  %5 -2 


HOLE  NO  67-CD -329 


364,936 


DESCRIPTOR  OF  MATERIALS 


REMARKS 


Silty  SAND  (fine).  loose,  tan 


COBBLES  &  BOULDERS  w/sifty  sandy 
gravel 


burn  drilled  w/ 6*  casing 

o  147,5’ 

NX  below  147.5 

Boulder  9'  -  1 2 * 


Silty  Sandy  GRAVEL ,  occasional 
cobbles 


Gravelly  Silty  SAND,  gray 


Silty  SAND  (fine)  compact,  dry,  orange 
K  tan  r~ 


Silty  Sandy  GRAVEL  w  cobbles 


SP  SAND  (fine)  w/silt 


CHIEF  JOSEPH  DAM 


PROJECT 


COLUMBIA 


RIVER 


DEPTH  OF  HOLE 93.0 _ DIAMETER  OF  HOLE,  _  6"_OB  4  NX  in.  rock 

DEPTH  OF  O.B.  _  _  67  J) _ DATE  STARTED  _  _  16  March  1967 _ 

ROCK  DRILLEO _ 26.0 _ DATE  COMPLETED.  2_%>x  I94Z _ 

%CORE  RECOVERED ??^2 _ CONTRACTOR  _  k«a<J>uU>Ts£a, _ 


Associates 


72-D-  iSO 


\l.  MANUFACTURER'*  ©EUGNATVOH  OF  DRILL 

CP-650  Air  Rotary,  Star  71  Churn  Dnjl 


14  TOTAL  NUMBER  COKE  MXIS 


I.  ELEVATION  GROUND  WATER 


|  IT.  ELEVATION  TOR  OF  MOLE  _ S 

‘l*.  TOTAL  CONE  RECOVERY  TON  NON  I  NO 


If.  SIGNATURE  OF  INSPECTOR 

D.  Kellum 


CLASSIFICATION  OF  MATERIALS 
(ONcrtHtal) 


Sandy  Silty  C3RAVEL  w/  cobbiei 
and  boulders,  dense,  gray  i 


Hole  drilled  with  CP-650 
Air  Rotary  to  42 ' . 

Chum  Drill  Star  71 
drilled  from  42'  to  T.D. 
SWL  8'  8-7-72 


SWL  dry 

Hole  making  water  §  20' 


Clayey  SILT  with  cobbles , 
tan 


Silty  CLAY,  micaceous,  gray 
CL  to  black 


Clayey  SILT,  micaceous,  tan  J 
Silty  GRAVEL,  dense,  gray 


Silty  CLAY,  gray  to  black 


BOUIDER,  basaltic,  dense, 
gray 


SILT,  laminated,  micaceous. 
gr~v 


CAY,  gray  to  tan 


Silty  GRAVEL,  angular  rock 
fi.i  r:«  nts.  yellow  to  gray 


.  1 1  1 1  y  1 7  A'.' .  pla.,1  ic,  yel  low 
>'i  tin 


SWL  6’ 

8-11-72 

SWL  15' 

14=90/18" 

7-90/18" 

SWL  20.1 

9-21-72 

WL  21 

J  =1.70/12",  190/6" 
t=  50/18" 

JWL  70'  9-27-72 


IWL  69.2 

Hole  making  water  ?  81' 

N'  .’09  '}  2  " 


sa  .}■■■  . . 

>W!.  2’/.  6  U>:;t  tool-> 

advance  until 


It  34  FREVIOMS  EDITIONS  ARE  OMOLETE- 
cnuutUMCBKn 


1  PROJECT 

Chief  Joseph  Da:. 


1  NOvt  NO. 

I  72-D-350 


C-3  7 


D KILLING  LOG 


>D 


Chief  Joseph  Dam 


14.  TOTAL  NUMOCN  CORE  ROXES 


IS-  ELEVATION  OROUNO  VATIN 


.  DIRECTION  or  HOLE 

QinclihXo  __ 


7-  THICKNESS  O'  OVERRUROEN 


OCRTM  ONILLCD  INTO  ROCK 


<«  DATE  HOLE 


IT.  ELEVATION  TOR  Of  HOLE 


.IS.  TOTAL  CORE  RECOVERY  FOR  RORIKO 
I  IS.  SIONATURE  ON  INSPECTOR 

D.  Kellum  S.  Wright 


ELEVATION  OERTH 

•  k 


nay  uraveiiy  oili,  aense. 
well-graded,  with  cobbles 
and  boulders .  gray 


:<L  Sandy  SILT  -  irregular 

zones  of  contorted,  crudely! 
bedded  silts 


1  Hole 

drilled  with  C^-650 

Air  Rotary  to  52.0' 

Cable 

Tool  Star  "’l  dr i  lii 

fmn 

52’  to  25?. 5' 

Mor->. 

■4-  biow  rourits 

inches  driven 

8- 5-72 

8-4-72 

N=1 75/7 
SWL  69.5 


*-1=212/12 


902 


1 


r.VL  86.5 


9-26-*?? 


2 


btvtiita 


mstALlAtior 


sheet i 
of  4  SHEETS 


DRILUNC  LOG 


~wojgr 

Chief  Joseph  Dam 


NPR 


)T  IOCATI47 


vx.'QFTvriwrt' 


to.  Silt  turn  TYU  Ot  bit  8"  TRB  i  6'' 

ir  bituu  ran  mvxnsa  non  m  „  i 


Tit 


Hi) 


*.  DRILLING  AOEHCV 

jmith  Prillini  A<  Assoc. 


ta.  HAMUr  ACTURCR’SbeSlCMATIOM  OFORILL 

C P-6ry)  Ai  r  Situr  7]  i.hunn  Or  ill 


4.  HOLE  MO.  f4#  tiMa,  mT5«SS  Mtaf 

W  M*  WRbuS 


72-D-352A 


■UR OEM  iAMH.II  TAKER 


NAME  OF  DRILLER 

Carl  Smith 


I A  TOTAL  NUMBER  CORE  ROXES 


tt.  ELEVATION  OROUNO  WATER 


DIRECTION  OF  HOLE 
irtttWTICAL  |~~llHCLINIO  _ 


.  DEC-  RROM  VERT 


IS-  DATE  HOLE 


1  Aug  1972 


hr.  THICKNESS  OF  ovc 


b  DCRTM  DRILLED  INTO  ROCK 


“26T" 

— 5T“ 


17.  ELEVATION  TOR  OF  HOLE 


TTTfT 


| COUPLET  EO 

21  Sept  1972 


IS.  TOTAL  CORE  RECOVERY  FOR  OORINO 


M.  TOTAL  OERTH  OF  HOLE 


274 


If.  SIQMATURC  OF  INSPECTOR 

S.  Wright,  D.  Kellum 


m  r 


OERTM 

b 


CLASSIFICATION  OF  MATERIALS 
(Dwtntmi 


SCORE 

"ST 


REMARKS 

fOrUIKt «  M  -Mr  trrr,  -M*  W 
- - — NO.  I,  RRHMlt 


Hole  drillecf  with  CP-650 
Air  Rotary  to  115'. 

CSole  Ttaol  Star  ?1  used 
from  114'  to  274. ' 


Iclayey  Sandy  Gravelly  SILT 
|with  cobbles  and  boulders 
very  dense,  gray 


10 


20_ 


30_ 


ML 


40_J 


50  3 


60_ 


70_ 


80_ 


90  -t 


919  100 


SWL  dry 


8-1-72 


SWL  dry 


MOTE:  N=  blow  counts 

inches  driven 


Zones  of  faster  drilling 
70-83' .  95-97 ',99-103'. 


U  34  RREVIOU1  IWTIONI  Ul  OMOLtTI. 


•roiect 

Chief  Josenh  '3am 


1 5oCi  no. 

I  72-D-952A 


inuriwcwi! 


C-43 


DtaiUNC  LOG 


ENC  FORM  1836-4  nevus  editions  us  msoicte. 

NM  II 


Chief  Joseph  Dor. 


HOLE  NO. 

72-D-353A 


C-47 


Ml U1  NO  LOO  {Coni  Sheo»)|“'*noM  — * 1 “  1032 


Chief  Joseph  Dam 


Hole  No.  72-D-354 


Sandy  Gravelly  SILT,  with 
mirerous  cobbles  and 
boulders,  very  dense,  dark 
gray 


N=  300/18 


SWL  68' 


10-25-72 


N=  175/12 

W  82'  10-26/27-72 


SWL  72' 

SWL  88.5' 

11-1-72 

SWL  88.5' 

N=  225/11 

SWL  83.8' 

11-2-72 

SWL  105' 

SWL  90' 

11-3-72 

Silty  Clayey  sand  with 
cobbles  and  boulders,  very 
dense,  dark  gray 


SWL  108' 
N=  280/20 
SWL  130' 


Silty  SAND  w/  scattered 
gravel,  moist  dense, 
water  bearing,  tan 


Silty  Sandy  GRAVEL,  very 
dense,  gray 


Clayey  Silty  SAND  w/  minor 
gravel,  yellow 

'Silty Sandy  GRAVEL  w/  cobET 
very  dense,  tan 


SWL  128' 

N=r  175/18 

SWL  140 

11-9-72 

§SL5¥S#9 

11-10-72 

N=  247/12 
\ 


.fl 


C-62 


C-56 


c-se 


PROJECT _ 

L OC AT  I OM _ 

DEPTH  OF  HOLE _ 

DEPTH  OF  0.8 _ 

ROCK  DRILLED  _ 

*  CORE  RECOVERED. 

OIAM.  HOLE _ 

EQUIPMENT 


Chief  Joseph  Pom 
Powerhouse 


IHSPECTOR _ 

[CONTRACTOR 

[date  started 

.DATE  COMPLETED 
SURFACE  EL.  _ 

H  365,740 


HOLE  NO.  73-CO-358 
Zirkle.  Johnson 


810.9 


E  2.291.235 


Bucyrus  Erie  Churn  Drill  22  W 


DESCRIPTION  OF  MATERIALS 

Soils  Cltsii  f  teat  mi 
(‘last  ir  it; 
roaft  i  R  ini 


REMARKS 

'  as  ii]  [re pi  k .  DeptR  of  Mole  at  Start 
ft  fad  of  ‘lift,  »at*r  Lptp I  at  *»art 
ft  fad  of  fact  Silt*  ft  ft«a,  PriHiaf 
Tina.  Sup  ft  of  *n.  ititn§  of 

Prill,  fate  of  raaatrattna,  t  toattr 
Lr«a  or  Vttara.  Water  '  o  I  or ,  I'r  1 1 1 1  a| 
Flatd  Data,  ate . 


Sandy  Gravel  w/  numerous 
cobbles  02"),  occosionol 
boulders  (15")  ond  blocks 
(36"),  loose  to  dense,  gray 
to  brown  (Fill) 


Soody  Grovel  w/  scattered 
_p  cobbles  (10"),  loose  to  dense, 

GP  »  brown 


Silty  Send,  dense,  brown 


WL  29.7' 
15  Feb.  74 


Si  Gr  Sond.  very  dense,  brown 

Sand,  medium  dene  to  dense, 
brown 


Gravelly  Sand,  dense,  brown 


Silty  Sandy  Gravel,  dense 


Silty  Sand,  dense  to  very 
dense,  m  .  gray  . 


Sandy  Silt,  dense  to  very 
dense,  brown  to  gray 


Sgndv  Gravel ,  brownish 
‘o,  55  SonJ7  very  dense. 

Sandy  Grovel,  grayish  brown 

Silty  Sandy  Gravel,  ver, 
dense,  gray 

Gravel,  very  dense,  gray 
GRANITE 


Bottom  oF  Boring 


Installed  10"  steel  well  screen 
75-85'.  Unable  to  develop 
well  due  to  infiltration  of  fine 
sond. 


Instolled  6"  pvc  slotted  well 
screen  25'-85',  backfilled  w/ 
concrete  sond  os  12"  cosing  was 
withdrawn. 

Pumped  ♦  21  GPU  for  8  hours. 
Maximum  drawdown  in  well  ♦ 
50'. 


t 


( 


C 


c-«o 


NX  CORE 

Cc  -  langtht  0.05’ -2. O’ 

Wo»*f  raturn  100% 


M0J£CT 

|— w’TE"m,S  |,|B1 

tocmott 

$H_  2  of  2 

\ 

0 

i 

\ 

i 

KSCRIPTION  OF  MATERIALS 

Saili  ClwillUiilM 

PlOOtU  1 1  f 

REMARKS 

Cali|  Do *i B,  Dootl  of  Nolo  •(  Stort 
•  lot  or  Sfctft,  Motor  Urol  «l  Stort 

1  Ko4  of  loci  Slift  1  loo.  Dr  1 11 1  Of 

Ttio,  Sib*  1  Tm  o t  Ift.  4c  t  too  of 

Drill,  lot*  of  Nootrotl^.  1  Motor 
loo*  or  lotoro.  Votor  C  r  . 

Hold  Dot*,  ate. 

A 

A 

HOWS 

Cm4  it  lot 

Mot*  Mr* 

Color 

■ 

| 

U 

■ 

hhhhhh 

IBS 

m 

GP 

I 

Sondy  Gravel  w/  blocks  (2I“), 
deme,  gray 

■ 

1 

GRANITE,  lights  hard 
wirft  DIKE,  dortc ,  hard 

NX  CORE 

Core  lengths  0.1* -4. 5' 

i 

1 

I 

.DIKE,  dork ,  hard 

No  wafer  return  to  122'  w/  lots 
at  bottom  of  eating.  Reaned 
eating  to  112'  and  got  full 
water  return 

-i 

■ 

| 

■ 

1 

669.1 

[PS 

i 

1 

Bottom  of  Boring  "  140.9* 

Installed  1“  pvc  pipe  perforated 
60' -80'. 

I 

1 

I 

I 

I 

1 

I 

z 

m 

$N 


of 


C-7* 


PROJECT _ 

location _ 

OfPIH  OF  HOLE _ 

DEPTH  OF  O.B _ 

rock  orilled  _ 

l  CORE  recovered. 

0 I  AM.  HOLE  _ 

EQUIPMENT _ S 


Cl-i"f  Josepl'  1 
Po  weihouse 

_ YAA _ 


HOLE  HO. 


INSPECTOR _ 

.CONTRACTOR 
.OATE  STARTED 
.DATE  COMPLETED 

SURFACE  EL.  _ 

N  365. 390 


Sprague  &  Henwood  Diamond  Drill  43.4 


DESCRIPTION  OF  MATERIALS 


0,  H,  SLOWS 


„  lag  ■  It,  1  N  f  "'l. 

}  1 1*  I  it  '  hi  t  •  .  k»'*i  :-w*  1 
s  ‘«i  r  Y\  •  -sir-  * 

•  ."r .  if*  *  ’>  !••  I  ai'.  *' 
I  T  I  I  I  .  !»*«•  f  IPAe’ri'  I  •». 

:  .«.%  nr  ►  *  »  t*r  s.  A  A '  f  ■;  r. 
►  I  U  S'!  i'A’  A.  N  *  • 


>»lty  bondv  Orovel  w  numerous 
cobbles  TI2"),  loose,  Lsowniihl  gn 


Sondy  Grovel,  loose,  gray 


Sond>  Gravel  w '  cobbles, 
loose,  gray 


Gravelly  Sand,  medium  dense 
to  dense,  gray 


Grovelly  Sand  scattered 
cobbles  and  blocks,  dense, 
gray 


_wl._35.jI 

28  Feb,  74| 


|  Sondy  Grovel,  dense  to  very 
dense,  gray 


GRANITE,  light,  hard 
Gouge  0.2' 

Gouge  0.1* 


NX  CORE 

Core  lengths  I/I0”-I.3* 
Water  return  100% 


I  Bottom  of  Boring 


Installed  2-1"  pvc  piezometer 
pjpes^  perforated  at  55’ -65’  on 


C-73 


H 

G  I 


GP 


GP 


SP- 

SM 


Gv. 


SM 


GP 


CO*E 

%  o 

o 


BLOWS 

/FT 


DESCRIPTION  OF  MATERIALS 


1I4  '  UMltf  41 


Sondy  Grovel  w^  scattered 
cobbles  18")  and  blocks,  loos^ 
groy 


Sondy  Gravel,  medium  dense 
to  very  dense,  groy 


Silty  Sand,  very  dense,  biowrj 
to  gray 


Sandy  Gravel,  very  dense, 
brown 


Silty  Sand,  very  dense,  brown 


Sondy  Grovel,  very  dense, 
gray 


REMARKS 

4414*  4.  *|ti.  r  "< 

*  *4!  l-f  "II  if!  .  *4!- 

♦  •'■1  f  **•  tl  -M?t  V  f  I  :  ■  >«i 

-It-  '  *  >  l1*  f  *  ’  ’  '  »  f 

Ini],  ■  (  l»R*'tr  i  *.  * 

!  *•«  or  (tei  w  r  • . 

Il|l4  I'ftl  a,  »!' 


r  >  »•  -Rfl 
we  4  1  '  «  »r  • 


'  .  r  .  Fii.lBi 


SH 


of 


PROJECT 

Cl.ief  Joieofi  Dam 

HOLE  HO.  74-RD-370 

location 

Powei  bouse 

INSPECTOR 

Zifkle 

depth  Of  HOLE 

67  8 

CONTRACTOR 

depth  of  o.b. 

42.5 

DATE  STARTED 

8  Febtuotv  74 

ROCK  DRILLED 

25.3 

DATE  COMPLETED 

12  February  74 

S  CORE  RECOVERED 

100 

SURFACE  EL. 

796?? 

DIAM.  HOLE 

4" 

N  365.685 

C  2.291.400 

f OUIPMEHT 

lonqyeor  Diamond  Di  ll 

Truck  Mounted 

[\ 


\ 

0 


a 


0  H 

a  i 


CORE 

t  o 


BLOWS 

/FT 


OFSCR I P T I OM  Of  MATERIALS 


I'  '  if  I*  i  < 


REMARKS 


•  ••  !-i  • 


N  1 


k  if  i 

*  ‘ns  *  t  ► ,  r>  \ 

'  »*-  *  *U- 

I  •  ■  1 1  k  •  >  *  •  t  !*»•■■» 
!  •»*  -  r  k»i«rk. 

MiiiD  l'«t  •.  *  •  • 


CP 


i£L 


SP 


20 


ML 

ML 


30 


SM 


GP 


753.7 


40 


TTTTCrt 


Sondy  C'Ovel  w  '  SCOMered 
cobbles  '8"'  and  blocks,  loose 
brown 


G>  a  veil/  Sond,  loose,  gray 


W1  14  SU 

13  Feb.  74 


So.  Silt,  dense  b»! 


ilt,  soft,  tan 


S».  Sond,  dense,  gray 


Sondy  Grovel  w  1  oulders  and 
blocks,  ve-y  den*e,  gcoy 


GRANITE,  light,  hard 


NX  CORE 

Coie  lengths  O.I'-I.O' 
Water  return  100  c 


Gouge  I'ltV’,  d  p  85  degrees 


Core  lengths  0,1'-?. O' 


C-77 


PROJECT __  Tendon  Hole  Chief  Jose oh  Dan 

LOCATION  4.67'U/S  Axis  STA  20*00  Mono  8  Spillway  3 


MOLE  NO. 


\t'Kt  DESCRIPTION  Of  MATERIALS 

*  O  Soil*  CluiltlotiM 

°  **  rU.llcitj 

0  N  SLOWS 

G  I  /ct  Noiat«r* 

^  Color 


I  1  Concrete 


HO.O  lift  joint  unbonded 
leaking 


Hole  triconed  ahead  in 
black 


130.0  lift  joint 
unbonded  v/gravel 
.pocket  -  leaking 
in  gallery  elev  832.0 


REMARKS 

C««laf  t*pth  of  W*  »«  Jurt 

t  Sad  of  Skift.  iotor  Utol  at  Start 
I  ltd  of  lack  Skift  I  las,  Drllliif 
Tir»,  $|m  4  T;m  of  Bit,  Ac  Hot  of 
Drill,  latt  of  Fttoiratioa,  1  Vator 
Lobs  or  lotara,  Vator  Color,  Drill iB| 
PUld  Data,  ate. 


R-n  -  I,  J 

D20.3  C6.8  L13.5  D119.0 
112.2  Gravity  grouted  35 


Ji.L.  29  May  0.0 
W.L.  30  May  58.6 

Triconed  with  9-7/8  in.  bit 
118.95  -  119.30 
149.25  -  149.60 

Runs  K,  L 

D19.3  C19.3  LO.O  D138.6 
Water  level  drop  59.0  - 
100.4  approx  1  ft/nin 
138.6  gravity  grouted 
12  sacks  sealed  leak 
upper  gallery 


rJ.  L.  1  Jun  65.5 
W.L.  2  Jun  69.3 


Hole  triconed  ahead  in 
black 

150.0  lift  joint  unbonded 


Run  M 

D10. 7  CO.O  L10.7  D149.3 

W.L.  2  Jun  65.5 
.L.  3  Jun  69.3 
.  L.  3  Jun  14.0 
W.L.  4  Jun  64.0 


160.0  lift  joint  unbonded 


Runs  N,  0 

Dll. 7  C3.5  L8.2  D161.3 
Runs  P,  S 

D10. 6  CIO. 6  LO.O  D172.0 


170.0  lift  joint,  unbonded 


175.0  lift  Joint  unbonded  17i-6  gravity  grouted 

10  sacks 

180.0  lift  joint  unbonded  Run9  T,  W 

D25.8  C22.3  L3.5  D197.7 
_5J.L.  7  Jun  0.0 

W.L.  8  Jun  Dry 


190.0  lift  joint  unbonded 

Leaking  in  gallery 
elev  762.0  at  3.6  gpn 


138.5  gravity  grouted 
12  sacks  sealed  leak 
in  lower  gallery 


PROJECT  Tendon  Hole  Chief  Joseph  Dam _ HOLE  »Q-  75-RJ-2 


LOCATION  4.67' D/S  Axis  STA  204-00  Mono  8  SnnR-.u  1 _  SH  3  of 


g 

i 

\ 

CORE 
%  o 

o 

o  ** 

DESCRIPTION  OF  MATERIALS 

Sot  la  Clssaif icat lot 

Plasticity 

REMARKS 

Caaitf  D*pt  b,  Dtptk  of  lot*  tl  Start 
•  ltd  of  Shift,  Wattr  Uf*l  H  Start 

R  ltd  of  Bsch  Shift  »  III,  DrUllti 
Um,  Sis*  *  Tyo*  of  *it,  Actiot  of 
Drill,  l»tt  of  P»Mtr*tioa,  f  *at*r 

Lott  or  l*ttrt,  Vtttr  Color,  Drill i«( 
Fit  id  D*ta,  otc. 

H 

VH 

G  'c 

BLOWS 

If  T 

Cosdit  »o* 

Noistirr 

Color 

E 

■ 

X 

Runs  X-AC 

D53.0  C47.7  L5.3  D250.6 

7-$.  2 

n 

I 

H 

To?  of  bedrock  211.8 

- 

2 

■j 

Y 

Closely  jointed  zone 

216.8  gravity  grouted  with 

6  sacks 

"= 

2’0  1 

1 

AB 

— 

AC 

W.I..  12  Jun  59.1 

BM 

~W.L.  11  Jun  81.1 

2  30  ~ 

■ 

Triconed  with  9-7/8  in.  hit 

“ 

■ 

AE 

256.7  -  257.0 

260.0  -  262.4 

!40  " 

1 

AF 

271.9  -  272.5 

281.5  -  282.1 

290.3  -  292.3 

l 

■ 

W.L.  13  Jun  0.0 

— 

■ 

V . L .  14  Jun  67. S 

AG 

Run  AH 

Db.l  C3.5  L2.6  D256.7 

nun  Ai 

D3.1  CO. 4  L2.7  D260.0 
_W.L.  14  Jun  0.0 

1 

AH 

Hole  triconed  ahead  in 
black 

?*0  ' 

n 

Af 

W.L.  15  Jur.  84.6 

W.L.  15  Jun  0.0 

1IE 

w.  L.  16  Jun  86.3 

i 

S97.6 

| 

A  J 

262.4  to  303.2 

6X7  / 4H  double  tube 
standard  core  barrel 
w/c^re  spring,  reamed 
w/9'-'8  in  tricone  bit  and 
reared  again  w/10.132  in. 

■ 

Run  AJ 

09.5,  C9.5  L0. 0  D271.9 

jgE 

■ 

core  barrel 

!  Run  AK 

(  D9.0  C9.0  LO.O  D281.5 

AK 

281.5  gravity  grouted 
'  6  sacks 

l^E 

mmmt 

.-vE 

■ 

i  AL 

II 

Run  AL 

08.2  C6.6  LI. 6  D290.3  | 

E 

SSK 

■ 

AM 

l 

Run  AM 

D9.5  C9.5  LO.O  D301.7 

SH_J_  of  J. 


|  PROJECT  Tendon  Hole  Chief  Joseph  Dam 

HOLE  NO.  75  DHH  ’  1 

I  LOCATION 

Monolith  11 

Intake  INSPECTOR  Zirkle  1 

I  DEPTH 

OF  HOLE  50). 5 

CONTRACTOR  r.n.,n, — 1 

1  DEPTH 

OF  Concrete  119.1  DATE 

STARTFD  25  Jvr.  75  1 

1  ROCK  DRILLED 

82.4  DATE 

COMPLETED?  Jul  75  1 

1  4  CORE  RECOVERED 

SURFACE  EL.  9o0.3  1 

I  DIAM. 

HOLE 

11.875  Inch  N 

E 

1  EQUIPMENT 

Failing  1500:  Drilltne  w/Mlssion  Serie 

100-10  Hamr.erdrill 

m 

B 

DESCRIPTION  OF  MATERIALS 

REMARKS 

HE: 

4 

Soils  Class  if icstios 

CAsii)  D-cifc,  IVjth  of  Hoi*  *:  5t*rt 

4  ?#4  of  Shift,  »*tor  L***l  «:  5t%rt 

4  ! «4  of  Stiff  1  Rua,  Prillnf 

n 

Efl 

Id 

Piss:  :c  it j 

■ 

Hi 

SLOWS 

CorJ : : ios 

Tifl*,  Sif*  4  Tfj#  of  Sit,  Ac:-. of 

Trill,  Pit*  of  ;*fl«tratioe,  %  •  »:*r 

finfl 

IQ 

G  'r 

/FT 

loos  or  Rotura.  V*t*r  Color.  triHitf 

IBM 

Color  ROADWAY 

Find  D«t«,  etc. 

960.0 

BE 

Concrete 

13  ir.ch  diatxmd  bit 

956.0 

m 

Top  of  gallery 

E 

■ 

■ 

■■■HI 

Wh 

HU 

948.0 

- 

Floor  of  gallery 

- 

Concrete 

— 

: 

W.L.  Dry  24  Jin  75 

;o ' 

Penetration  rate  in 

12  inch  I.D.  casing  grouted 

3  ft.  into  concrete. 

concrete  from  15.0  ft  to 

- 

55.0  ft.  ranged  from  about 

Bottom  of  casing  at  elev. 

2  min.  to  6  min.  per  foot. 

945.0 

TO  ' 

12.0  ft  -  128.4  ft 

Hole  was  first  cored 

hammer  drilling  at 

with  a  2T/iS37/8  inch 

- 

16  RPM,  110  pounds  air 

diamond  bit  to  251.4  ft. 

_ I 

pressure  at  60  strokes  per 

Hole  was  then  grouted  to 

* 

minute,  foam  added. 

elevation  9-8.0  ft  and 

• 

redrilled  with  a  downhole 

40  ' 

Powered  bv  two  9CC-  C.F.M. 

hammer  with  11.875  inch 

- 

compressors.  8  ir.ch  drill 

button  bit  to  depth  201.5  ft 

_ 

pipe. 

Cored  hole  was  not  usee  as 

* 

pilot  for  down  hole  ha— er. 

50 

405.0 

W.L.  Drv 

W.L.  Dry  25  iur.  75 

_4 

Penetration  rate  in 

concrete  from  55.0  ft.  to 

“ 

119.1  ft.  averaged  about 

6  min.  per  foot 

70  “ 

-  4 

Significant  deviations  from 

■E 

_  5 

this  average  rate  are  shown 

in  minutes  per  foot  of 

m 

-  7 

penetracion  beside  a  tick 

ip 

: 

mark  at  the  proper  depth. 

These  rates  are  for  the 

IB 

_  5 

foot  of  boring  immediately 

I 

-  7 

above  the  tick  nark 

-  9 

90  ' 

-  10 

— 

-  7 

— 

“ 

-  *s 

360.0 


I  PROJECT  Tendon  Hole  Chief  Joseoh  Dan 

MOLE  NO.  75-DHH-3  1 

1  LOCATION  Monolith  11  Intake 

SH  2  of  2  1 

H 

\ 

I 

DESCRIPTION  OF  MATER ULS 

Soil*  Classif  icAliot 

Plasticity 

REMARKS 

Csslsf  Dtftl,  Dt(tk  of  Nolo  st  Start 

1  Sad  of  Sllft,  Vstsr  Ural  st  Start 
t  lad  of  loch  Shift  *  Raa.  Drilllif 

Tiaa,  Sis*  1  Tyoa  of  Bit,  Actios  of 

Drill,  lata  of  rraotratloo,  1  Vattr 
loss  or  latara.  Voter  Color,  Dnlliai 
Plaid  Data,  ate. 

|j 

\\ 

SLOWS 

/FT 

Cosditloa 

Moist  art 

Color 

- 

-5 

-5 

-8 

-9 

W.L.  0.C  C Pumped  in) 

i;o 

W.L.  6.2  26  Jur.  75 

~ 

1 

-1 

_S 

Top  of  bedrock  119.1 

S40.9 

-f 

128.4  ft  -  201.5  ft 
hammer  drilling  at  36  RPM, 
115  pounds  air  pressure 
using  air,  water  and  foam. 

119.0  ft  -  129.0  ft 

Penetration  rate  16  min/ft 

W.L.  0.0  (Pumped  in) 

i?o  ' 

W.L.  4.0  LI  Jun  O 

Z 

129.0  ft  -  138.0  ft 

Penetration  rate  6  min/ft 

140  " 

139.0  ft  -  154  ft 

Penetration  rate  12  min/ft 

— 

150  " 

— 

W.L.  0.0  (Pumped  in) 

160 

W.L.  37.6  28  Jur.  75 

; 

155.3  ft  -  174.0  ft 

Penetration  rate  20  min/ft 

170  " 

175.0  ft  -  183.0  ft 

Penetration  rate  12  min/ft 

2 

186.0  ft  -  187.0  ft 

Penetration  rate  17  min/ft 

180  " 

187.0  ft  -  201.5  ft 

Penetration  rate  30  min/ft 

190* 

29  Jun  through  2  Jul  tested 
hole  for  alinement  and 
leakage  -  hole  off 
alinement  -  stopped 
drilling  at  201.5  ft. 

At  201.5  gage  on  bit 
shows  wear 

_ 

W.L.  0.0  <?~?ed  ln> 

— 

W.L.  33.3  29  Jun  75 

758.5 

:oo“ 

:oi.l 

Bottom  of  hole  201.5 

W.L.  195.3 

3  Jul  75 

Filled  hole  to  12.0  ft  with 

5  yards  6  sacks  ready  mix 
concrete. 

SH  J _  of  _L_ 
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PROJECT _ 
LOCATION 


Chief  Joseph  Dam 

Tendon  Hole  Closure  Monolith  C-2 


.  HOLE  NO.  75-DKH-4 


SH  2  of  _L 


\ 


A 


100 


A. 


CORE 


BLOWS 
I  FT 


DESCRIPTION  OF  MATERIALS 

Soil*  ClMOlfiCAt  ioa 
Plasticity 
Cotdit  ioa 
Kola tor* 

Color 


REMARKS 

Caalaf  Daott.  DaMk  of  lot*  at  Start 
I  1*4  of  Sfeift.  Vator  lota  1  at  Start 
*  1*4  of  Sack  Shift  ft  l*a,  Brllllaa 
Ttaa,  Sit*  ft  Tjm  of  lit,  ftctioa  of 
MU,  lot*  of  naotratlo*.  t  Vator 
Lota  or  Botara,  Vator  Color,  Vrilliai 
Flaift  Sato,  otc. 


859.0 


848.0 


110 


120 


836.  C 
832.0 


130 


UP 


UL 


807.0 

806.0 


791.9 


160 


L1Z2J 


\ 


Top  of  bedrock  101.0 


n 


11 

16 

u 

l  18 

16 

20 

4 

_  8 

_  30 
-  28 
.  18 
:!? 

_  41 

-  5 
_  120 

It 

26 


Hard  granite  Penetration 
rate  in  rock  from  104.0  - 
168.1  averaged  about  27.5 
min/foot. 

Significant  deviations 
from  this  average  rate  are 
shown  in  minutes  per  foot 
of  penetration  beside  a 
tick  mark  at  the  proper  dept| 
These  rates  are  for  the  foot 
immediately  above  the  tick 
nark 

At  112.0 

jointed  granite 


101.0  gravity  grouted  12 
sacks 

11-7/8  inch  bit  change 
at  104.0  ft. 

104.0  -  109.0 
Drilling  with  120  pounds 
air  at  60  strokes 
per  minute  with  water 
i. 

112.0  no  water  or  air  return. 
Gravity  grouted  10  sacks. 


124.0  -  128.0 
Penetration  rate  5  mia/ft 


124.0  -  128.0 
soft  granite  zone 


128.0  -  149.0 
Penetration  rate  25  min/ft 
152.0  -  168.1 

Penetration  rate  57  min/ft 

153.0  -  154.0 
[Drilling  with  120  pounds 
air,  5  gallons  vater/uin  and 
5000  pounds  dovn  pressure. 


U  82  Bottom  of  hole  168.1 


W.L.  162' 


6  -Vis  75 


101.0 

109.0 

112.0 

129.0 

148.0 

161.0 


Depths,  water  le- 

eis  and 

dates  as  below. 

No 

W.L. 

28 

July 

No 

W.L. 

30 

July 

No 

W.L. 

30 

July 

No 

W.L. 

31 

July 

W.l 

L.  95r 

31 

July 

W.l 

95’ 

1 

Aug 

No 

W.L. 

1 

Aug 

iio 

W.L. 

2 

Aug 

No 

W.L. 

2 

Aug 

No 

W.L. 

4 

Aug 

No 

W.L. 

4 

Aug 

No 

W.L. 

5 

Aug 

163.0 
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PROJECT  Tendon  Hole  Chtef  Joseph  Dan 
LOCATION  Spillway  Monolith  8  STA  l°-3- 


DESCRIPTION  OF  MATERIALS 

Soil*  ClUlifltltiM 
Float  IciCf 
Coid  it  to* 

No la  taro 
Color 


HOLE  NO.  75-DHH-5 
_  SH  A  of  A 


IEMARKS 

Coataf  Dtitk,  taptk  of  Iota  at  Start 
I  lad  of  shift,  Voter  Ural  at  Start 
4  Ia4  of  lack  Shift  *  laa,  Drilllaf 
Tim,  Siae  4  Type  of  lit,  Ictioa  of 
Drill,  lot*  of  Faaetratloa,  t  Vatar 
Uaa  or  totara,  Vatar  Color,  Sri Ilia* 
Flatf  Data,  otc. _ 


9-26-75 _ 3161 

9-27-75  “ 

Rite  21  oin./ft. 


19.5 


333 


3-0 


LZSof t  zone 


9-27-75 


Bottom  340.5 


340.5  ft 


NOTES: 

1.  Drill  rates  include  tine 


required  to  add  drill  pipe 


change  bits  and  clean  hole. 


Drill  rates  ic  not  inclule  down  tine  for  fabrication 
of  equipment,  and  digitilt  surveys  and  repairs. 


DEPTH  OF  HOLE 
DEPTH  OF  concrete 

ROCK  DRILLED  _ 127.6 

*  CORE  RECOVERED _ 982 

DIAM.  HOLE  3-25/32  Inch  HO. 


Reamed  to  11-7/8 


_  _  HOLE  HO.  7S-RD-6 


CONTRACTOR  Mobile  C  of  E 
DATE  STARTED 
DATE  COMPLETED  1°  75 

SURFACE  EL. 

Inch  I _  E  _ 


EQUIPMENT  Failing  1500  for  HO  Wireline.  Failing  2000  for  Reanlne 


DESCRIPTION  OF  MATERIALS 

Soils  Class if  test ioa 
Plas  t  ic  ity 
Coa'l  mot 
Hoist  are 

Color  Bridge  Deck 


0.0  -  0.6  ft 

concrete  w/ rebar 


REMARKS 

Css  id;  9*»lh.  D*rlh  of  Hoi*  at  Slsrt 
J  EaO  of  shift,  sstcr  1***1  at  Start 
ft  Et4  of  Each  Shift  ft  l«s,  Drillitj 
?irw.  Sit*  ft  T yp*  of  Bit,  Actios  of 
Brill,  1st*  of  r*a*tratiot.  t  H*t*r 
loss  or  ftatara,  h*c*r  Color,  Dnlliif 
Flail  Data,  ttc. 


Drilled  with  16  inch  caly 
6  steel  shot 


Air  between  Bridge  Deck 
and  Spillway  Ogee 


Drilled  with  16  inch  calyx 
bit  from  58.5  ft  to  62.3  ft, 
pulled  core  plug  and  set 
12  inch  casing  to  62.3  ft. 
Aligned  casing,  wedged  and 
grouted  bottom. 

■i  inch  casing  installed 
inside  12  inch  casing 
using  disc  spacers.  A  inch 
casing  to  62.4  ft 


Ton  of.  Pcee  58 . 5 


62.3-341.2  ft 
Hole  drilled  with  Failing 
1500  drill  using  wireline 
with  HO  diamond  bit, 
3-25/32"  dia. 

Rotation,  circulation  and 
weight  on  bit  varied  by 
driller. 


Concrete  fron 

62.3  begin  drilling  with 

58.5  to  213.6 

diamond  bit  03B1050 

65.0  ft  unbonded  lift 

No  water  levels. 

joint 

Run  A 

D9.2  CS.2  LO.O  D71.5 

75.0  ft  unbonded  lift 

Runs  B-D 

joint 

D27.1  C27.1  LO.O  D98.6 

Rates  of  penetration  include 

rod  in  and  out  times 

62.3-39.0.  Race  of 

85.0  ft  unbonded  lift 

penetration  averages  about 

joint 

16  ain/ft 

89.0  installed  new  diamond 

bit  C3B539;  old  bit  has 

flat  surface 

V 


PROJECT  Chief  Joseph  Par, _  HOLE  RO.  7S-RD-6 


IOC4TIOH  Mnn„HM.  7  SpMlmy.l.  in  JfttM _  S»_l_  of  _  *.  _ 


CORE 

*g 

DESCRIPTOR  OF  MATERIALS 

REMARKS 

\ 

<1 

Soili  ClualfictllM 

Cm  laf  D»»tb  of  lol»  »*  St*rt 

*  lid  of  Skift,  Ht*r  Urol  si  Stort 

E 

\ 

O  " 

fluiicity 

1  tu  at  I. cl  Slid  t  »••.  trtlll.1 

t 

0 

T 

\\ 

BLOWS 

Cot4|tt«s 

Tim,  Sis*  •  Tjdo  of  lit.  Actios  of 

SbC.fl^ 

10# 

G  'c 

/FT 

Color 

lai  or  lotsrs,  Votor  Color,  Drill  in 
Pis  14  Dtti,  ftc. 

K 

b  inch  minus  aggregate 

E 

concrete 

?uns  E-I 

■ 

538.0  C38.0  LO.O  D136.6 

m 

11 

89.0-127.1  rate  of 

Hug 

i 

105.0-109.0  ft  soft  zone 

penetration  averages  about 

z 

! 

Ift 

11  aln/ft 

1 

I 

I 

_ - 

G 

115.0  ft  unbonded  lift 

120' 

Joint 

H 

'125.0  ft  unbonded  lift 

- 

joint 

127.1  installed  new  diamond 

Iblt  03B529 

130  ■ 

- 

130.0  ft  unbonded  lift 

mZ 

;  i 

joint 

li 

H|M 

Runs  J-M 

140  • 

mml 

“ 

2-5.0  ft  unbonded  lift 

127.1-154.9  rate  of 

“ 

joir.c 

benetration  averages  about 

13  min/ft 

I  30  ’ 

- 

K 

154.9  installed  new  diamond 

__ 

bit  03B532 

160* 

fl 

I  lbC.O  ft  unbonded  lift 

!  joint 

mm 

■ 

s 

HI 

165.0  ft  unbonded  lift 

ImC 

joint 

'1st® 

japp 

*■ 

- 

175.0  ft  unbonded  lift 

Runs  N~Q 

z 

■ 

I  joint 

029.0  C29.0  LO.O  D702. . 

130 

_ 

- 

bit  9PC2C69 

— 

0 

1  uo  • 

- 

p 

194.2  Installed  new  diamond 
bit  Q3B1Q49 

'  — 

l 

0 


SH_1_  nf  '< 


PROJEC T  Chief  Joseph  Dam _ 

LOCATION  Monolith  7.  Spillway  3.  Sta  20*00 


DESCRIPTION  Of  MATERIALS 

Soil*  CiwoUluilM 

FUatlcity 

Coid  it  1m 

Nolot art 

Color 


HOLE  IQ.  75-RP-6 
_  SH_L  of 


Cm  li|  D**tk,  t>«k  of  lei*  et  loti 
4  1*4  *f  Skilt,  f*t*r  Ut*l  *t  Surt 
4  1*4  *1  lack  Skill  4  I**,  PrtUtu 
lit*,  Sic*  4  T|p*  *1  lit,  Ictiet  *1 
Drill,  Bat*  el  B*MtrcUo*.  I  later 
L*m  or  l*l*r»,  later  Color,  Drlllls* 
11*14  Data,  etc. 


Runs  AG-AI 

D13.1  C12.9  L0.2  D319.1 


31 S. 0-317.0  ft  closely 
jointed  zone 


Installed  used  bit  Q3B1050 
8  306.0,  new  bit  0PC1461 
8  308.1,  used  bit  03B529 
8  316.3,  new  bit  OPC1460 
8  319.1. 

305.9  -  341.2  ft. 

late  of  penetration  average 

about  42  min/ft. 

Run  AJ 

09.2  C9.2  LO.O  D326.3 
Runs  AK-AO 

02.8  C2.8  LO.O  0331.1 


618.8  343 


Run  AF 

010.1  C10.1  LO.O  D341.2 

Bottom  of  hole  341.2  ft  H.L.  22  Sep  82.8' 

HQ  hole  grouted  with  30  sacks  type  III  HvEarly  cement 
(3  sacks  to  33  gallons  of  water) 

Grout  drilled  out  with  HQ  wireline,  43.1-34C.0  ft. 

HQ  hole  reamed  to  11-7/8  inch  diameter  with  Hughes 
Quadracone  bits  with  center  guide  to  follow  the  HQ 
hole.  The  Quadracone  bits  were  weighted  with  27,000- 
43,000  pounds  drill  collars  and  rods  and  powered  with 
a  Failing  2000  truck-mounted  drill,  water  circulation. 


Bit  Model 
J-44 
J-55 
J-33 


60.0-140.0  ft 
140.0-227.9  ft 
227.9-341.0  ft 


17  nin/ft 
8  min/ ft 
7  min/ft 


Ac  224.0,  EQ  pilot  hole  clogged  with  cuttings, 
washed  out  hole  with  3-7/8  inch  tricone  bit,  water 
and  air  to  296.0  ft.  Installed  3-7/8  inch  tricone 
bit  on  center  guide  of  J-33  model.  Drilling  went 
smoothly  to  bottom  -  341.0  ft,  water  circulation. 


The  rotation,  circulation  and  weight  on  bit  was  varied 
by  driller. 


SH_4_  of  4 
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Tendon  Hole  75-RD-2  in  Spillway  Monolith  8. 

Halor  Equipment. 

The  hole  was  drilled  vertically  with  a 
Tailing  1500  truck-mounted  rig  with  both  Kelley  rod,  chuck  and 
a  42-foot  mast.  A  single-tube,  10-foot  long  core  barrel  and  bits 
were  fabricated  by  the  Corps  of  Engineers  from  stock  10  inch  casing. 
Bit  dimensions  were  10.132-inches  O.D.,  9.125  inches  I.D.,  and  8- 
lnches  long.  Diamonds  were  sieve  size  D-E,  track  6-7,  face  stones 
2010,  O.D.  gage  and  O.D.  kick  160,  I.D.  gage  and  kick  160  and  total 
stones  2650.  Above  the  diamonds,  the  bit  shell  l.D.  was  machined 
to  9.275  inches  to  retain  core  springs  of  several  designs.  A 
coonercial  single  tube  barrel  with  bit  10.122  inch  O.D.  diameter, 
a  6x7-3/4  inch  standard  double  tube  core  barrel  and  a  9-7/8  inch 
trlcone  bit  were  also  used.  Two  trolls  or  drill  collars  of  hole 
diameter  were  used  above  all  barrels. 

Drilling  Procedures. 

A  14-3/4  inch  diameter  hole  was 

drilled  through  the  roadway  bridge  deck  and  into  the  concrete  of 
the  ogee  to  elevation  900  feet  with  calyx  barrel  and  steel  shot. 

All  drilling  was  done  with  stoplogs  in  place  and  talnter  gate  closed. 
Twelve-inch  l.D.  casing  was  placed  through  the  roadway  deck  and 
grouted  1-1/2  feet  into  the  concrete  ogee.  Concrete  and  rock  were 
drilled  with  the  10.132-inch  O.D.  barrel  to  elevation  698  feet. 

Core  springs  froze,  heated  and  failed  to  lift  core.  Runs  were 

short  and,  after  the  first  few  feet,  drilling  was  without  core 

springs.  Core  was  removed  with  worn  slotted  bits  or  worn  bits 
with  sand  poured  down  the  rods.  Core  was  broken  with  downhole 
wedges.  Where  core  could  not  be  removed,  it  was  trlconed 
out  with  a  9-7/8  inch  bit.  To  avoid  the  core  lifting  problems, 

the  hole  was  advanced  from  elevation  698  feet  to  elevation  656.8 

feet  with  a  standard  6x7-3/4-inch  double  tube  core  barrel,  reamed 
with  a  9-7/8-inch  tricone  bit  and  reamed  to  final  tolerance  with 
the  single  tube  10.132-lnch  barrel.  A  commercial  single  tube 
10.122-inch  barrel,  with  bit  and  shell  was  used  from  elevation  656.8 
feet  to  650.3  feet.  Below  elevation  650.3  feet,  the  hole  was  ad¬ 
vanced  again  with  the  6x7-3/4-inch  barrel,  and  reamed  as  before 
with  a  9-7/8-inch  tricone  and  10.132-inch  core  barrel. 

Bit  Footage. 

The  Corps  of  Engineers-fabricated  10.132-inch  bits 
drilled  from  2.3  feet  to  8.3  feet  per  bit.  Commercial  10.132-inch 
bits,  with  slightly  larger  diamonds,  drilled  3.3  feet  to  19.6  feet 
per  bit.  Bit  footage  was  generally  limited  by  diamond  crushing  or 
diamonds  tearing  out  of  the  matrix.  The  diamonds  generally  were 
not  flattened  or  polished  by  wear.  One  new  coonercial  10.132-inch 
bit  and  shell,  used  with  a  single-tube  barrel,  broke  after  6.5 
feet  of  drilling  with  the  diamonds  showing  no  apparent  wear.  The 
standard  6x7-3/4-lnch  bit  with  double  tube  barrel  obtained  36.2 
feet  of  hole  advance. 
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Tine  Studies. 

Overall  coring  rate  with  10.132  inch  diamond  bit  in 
concrete  and  rock  was  39  minutes  per  foot  actual  drilling  time. 

Core  retrieval  was  28  minutes  per  foot.  Downtime  for  repairs, 
waiting  for  replacement  bits,  and  field  fabrication  of  tools  and 
parts,  plus  all  other  downtime,  was  SO  minutes  per  foot.  The  total 
of  all  operations  was  approximately  2  hours  per  foot.  Standard 
6x7-3/4-inch  core  barrels  showed  a  rate  of  approximately  30  minutes 
per  foot  including  core  recovery  and  removal  from  barrel. 

Alinement .  Hole  alinement  was  checked  at  intervals 
with  a  Digitilt  (Inclinometer  with  aluminum  rods  for  azimuth)  run 
down  the  drill  rods.  A  Digitilt  survey  to  elevation  650  feet  and 
a  plumb-bob  survey  to  elevation  820  feet  showed  hole  alinement  to 
be  within  one  foot  horizontal  to  200  feet  vertical  overall. 

Water  Leakage. 

Rate  of  water  loss  with  casing  full  was 
used  to  determine  leakage  in  the  hole.  This  method  was  abandoned 
when  leaks  developed  at  the  base  of  the  12-inch  casing  where  it 
was  grouted  into  the  ogee  concrete.  Morning  and  evening  water 
levels  were  then  used  to  determine  overnight  leakages.  The  hole 
was  checked  after  completion  by  blowing  out  the  water  with  com¬ 
pressed  air  and  measuring  the  rate  of  water  rise  in  the  hole.  The 
highest  rate  of  Inflow  for  the  entire  hole  was  9  gallons  per  minute. 

Grouting . 

Leaks  were  gravity-grouted  as  the  hole  advanced. 
After  completion,  the  hole  was  gravity-grouted  up  to  depth  of  171 
feet.  The  grout  was  drilled  out.  Water  inflow  for  the  entire  hole 
was  reduced  to  3  gallons  per  minute. 

Major  Equipment.  Single  tube  barrels  with  core 
spring  heated  the  spring  and  rendered  it  valueless.  Core  blocks 
occurred  at  short  Intervals.  Bit  footage  generally  was  limited  by 
diamonds  being  broken  or  pulled  from  the  matrix  and  not  by  diamond 
wear.  The  runs  were  limited  by  core  blocking  in  barrel.  Core 
breaking  with  in-hole  wedge  and  removal  from  hole  with  slotted 
"old  bit"  plus  sand  poured  down  rods  was  costly  in  time.  Removal 
of  bit  and  shell  from  barrel  with  chain  tongs  frequently  bent  the 
shell  and  barrel  and  removal  by  cutting  torch  was  commonly  required. 
Hence,  metal  thickness  of  bit,  shell  and  barrel  was  not  adequate. 
Drilling  with  double  tube  core  barrel  followed  by  reaming  was 
satisfactory. 


Tendon  Hole  75-DHH-3,  Intake  Monolith  21. 


Drilling  Data. 


A 


3-7/8-inch  hole  (75-RD-3)  was  cored  to  a  deoth  of  251.4  to  obtain 
information  on  concrete  and  rock.  An  11-7/8  inch  diameter  downhole 
hammer  hole  (75-DDB-3)  was  drilled  in  this  same  location.  The 
cored  hole  was  grouted  and  not  used  as  a  pilot  hole  for  the 
downhole  hammer.  An  11-7 /8-inch  button  bit,  actuated  by  a  100-10 


> 

i 
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Series ,  Mission  Hanmerdrill  and  two  900  cubic  foot  per  minute  capa¬ 
city  air  compressors,  was  used  to  drill  through  the  concrete  and 
rock  to  a  depth  of  201.5.  Drill  pipe  was  8-inches  in  diameter. 

Drill  rates  ranged  from  5  minutes  per  foot  with  new  bits  to  60 
minutes  per  foot  with  worn  bits.  Two  bits  were  used.  Drill  rate 
averages  were  approximately  6  minutes  per  foot  in  concrete  and 
16  minutes  per  foot  in  rock.  Downtime  for  all  reasons  was 
approximately  13  minutes  per  foot.  Twelve  feet  of  casing  was 
misaligned  and  deflection  of  hole  from  vertical  exceeded  specified 
alignment  tolerance  from  top  to  bottom  of  hole.  The  hole  was 
backfilled  with  concrete.  Redrilling  started  on  16  July  1975 
and  continued  until  20  July.  The  drilling  was  halted  when  the 
redrilled  hole  followed  the  initial  plugged  hole.  Equipment  for 
redrilling  was  modified  prior  to  an  attempt  to  improve  alignment 
of  the  hole.  The  top  and  bottom  of  the  hammerdrill  were  enlarged 
to  11-7/8  inch  diameter  and  the  lower  20  feet  of  the  8-inch 
diameter  drill  pipe  was  stabilized  with  a  11-1/2  inch  diameter  sleeve. 

Tendon  Hole  75-DHH-4 ,  Closure  Monolith  2, 

Drilling  Data.  The  hole  was  drilled  to  a  total  depth  of 
168  feet,  of  which  100  feet  were  in  concrete  and  the 
remainder  in  rock.  Equipment  used  was  a  Mission  Series 
100-10  Hammerdrill  built  up  to  11-3/4  inch  diameter,  with 
an  11-7/8  inch  button  Hammerbit,  8  inch  drill  pipe  and 
11-3/4-inch  drill  collars,  powered  by  a  Failing  1500  drill 
and  two  900  CFM,  100  to  120  psi,  Compressors.  Drill  rates 
averaged  34  minutes  per  foot  including  bit  changes,  adding 
drill  pipe  and  cleaning  the  hole.  Hole  alignment  was  within 
one  foot  horizontal  to  200  feet  vertical  overall. 

Tendon  Hole  75-DHH-5,  Spillway  Monolith  8, 

Drilling  Data.  The  hole  was  drilled  to  a  total  depth  of 

340.5  feet,  of  which  210  feet  were  in  concrete  and  the 
remainder  in  rock.  Equipment  used  was  a  Mission  Series 
100-10  Hammerdrill  built  up  to  11-7/8  inch  diameter,  with 
a  11-7/8  inch  diameter  botton  Hammerbit,  8  inch  drill  pipe 
and  11-3/4  inch  drill  collars,  powered  by  a  Reich  T-750  drill. 

TWo  900  CFM  compressors  were  used  for  drilling  to  a  depth  of 

211.5  feet  and  below  211.5  feet,  two  750  CFM  compressors  rated 
at  250  psi  were  used.  Drill  rates  averaged  18  minutes  per 
foot  in  concrete  and  17  minutes  per  foot  in  rock,  including 
bit  changes,  adding  drill  pipe  and  cleaning  the  hole.  Hole 
alinement  was  within  one  foot  horizontal  to  200  feet  vertical 
overall. 


Tendon  Hole  75-RD-6,  Spillway  Monolith  7.  Drilling 
Data.  The  hole  was  cored  to  a  total  depth  of  341.2  feet,  of 
which  213.6  were  in  concrete  and  the  remainder  in  rock.  A 
HQ  wireline  powered  with  a  Failing  1500  drill  was  used.  The 
hole  was  then  reamed  to  11-7/8  Inches  with  Hester  modified 
Hughes  Quadracone  bits.  Models  J-33,  J-44  and  J-55,  with 
guides  following  the  HQ  pilot  hole.  The  quadracone  bits  with 
drill  collars  were  powered  by  a  Failing  2000  drill.  HQ  drill 
rates  averaged  21  minutes  per  foot  and  reaming  rates  averaged 
24  minutes  per  foot.  Repairs  and  other  downtimes  were  not 
Included  in  these  rates.  Hole  alinement  was  within  one  foot 
horisontal  to  200  feet  vertical  overall. 
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CLASSIFICATION  OF  MATERIALS 

OWsiM 

4 

959.2 

u  _ 

GP 

Alternating  layers  of  Sandy 
GRAVEL  and  Asphalt  Ooncrete 

952.2 

949.2 

10  - 

GP 

bandy  ukavl'L  w/  cobbles  & 
boulders 

s? 

Gravelly  SAND,  medium,  moist 
brown 

Gravelly  SAND  w/  cobbles 


d>  Sandy  GRAVEL  w/  cobbles, 
v.  dense,  wet,  brown 


kSp  SAND,  dense,  wet,  gray 

_  I 

^  Sandy  GRAVEL~w/ " cobbles ,  ' 

v.  dense,  wet,  gray 

- 1 

silty  SMdy  GRAVEL,  V.  dense^ 
wst,  gray  j 


[  SAND  w /  gravel  medium,  wet, 
brown 
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959.3  0 

953.3 


Alternating  Layers  of  Sandy 
GRAVEL  and  asphalt  concrete 

Sandy  GRAVEL,  median,  moist, 
brown 


Sandy  GRAVEL  w/  occ.  cobbles  X 
dense,  wet 

Silty  Sandy  CJ1AVEL,  dense, 
wet ,  gray 


919.8  4Q  ~  sp 

914.8  Z _ 


Gravelly  SAND,  medium-dense,  ^ 
wet,  gray  . 


Gravelly  SAND,  median,  wet,  I 
brcwnish-gray 


Ibp  of  Bedrock 
Granite,  hard,  gray 


Basalt,  dark  gray 
Granite,  gray 
Botlcm  of  hole  ?  / 
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909  40 


889.5  eo 
885.3 


Rockfill  w/  Silty  Sandy 
33AVEL,  hrown _ 

Rockfill  w/  Sandy  GRAVEL, 
dense,  wet,  gray 


Silty  SAND  (fine)  w/  fine 
gravel,  loose,  wet,  brown 


Silty  Sandy  GRAVEL,  mediim,  I 
vet,  brown 


GM  Silty  Sandy  GRAVEL,  dense,  31 

_ wet,  gray  _ 

SAVD  w/  fine  gravel,  median, 

SP  wet,  brown 


gp  SAND  w/  gravel  dense,  wet, 

- brwn  _ 

GP  Boulder _ 

Tbp  of  Bedrock 

Granite,  close  jointed, 
hard,  gray 


Bottom  of  hole  @  81.8' 


II 36  .mi vi out  innoNi  am  nhuti. 


IrMiiCf 

Chief  Joseoh  Dam 


I  NOLI  NO. 

1  75-RD-51 


inumioeany 


C-99 


PROJECT  Chief  Joseph  On 

HOLE  *0. _ 82-RD-lh _ ] 

LOCAT  10*  Left  Abutment _ - _ IRSPECTORfjraS. _ 1 

DEPTH  Of  MOLE  87. J- 

CONTRACTOR  Government 

OFRTN  Of  0.8.  8’-8' 

•ATE  STABTFD  1  SeD  02 

ROCK  DOLLED 

0.0' 

DATE  COMPLETED  A  See  U 

<  COKE  RECOVE*EO«/A 

SURE ACC  EL.  956.2' 

BUM. 

HOLE 

6* 

*  J«4.2f«  E  2.291.635 

EQUIPMENT 

Mobile  B-tO 

Rotary  Mesh 

\ 

0 

E 

\ 

CONE 

*S 

o  — 

DESCRIPTION  Of  MATERIALS 

Salta  Class  if  icai  im 
ruatlcitf 

REMARKS 

Cm it|  D*ftk,  Diiil  #f  ?:«:•  *t  St«n 

4  fU  of  Ik  if  i.  Vitir  Ut«i  «t  Stort 
ft  1 U  of  Bock  Skift  ft  Is:.  Drillta| 

Tim,  Sis*  ft  Tyo*  of  Sit.  Ktiot  of 

Drill,  Roto  of  Hootro: i;s.  •  Votor 
lost  or  lottrt.  Votor  Crier.  DrtUitf 
FltiO  Doto,  otc. 

\ 

P 

T 

N 

n 

BLOWS 

/n 

Caailila 

haialara 

Cater 

952 . 7 

1()  ' 

— 

Silty  Sendy  GFA VEL,  GM,  w/ 
numerous  cobbles,  occ 
"l  boulders  (1.5*),  (angular) 

I  (loose),  dry.  It.  broam. 
llRock  Rubble  Fill). 

Drilled  w/4*  casing,  water  cir 
culation  end  3-1/2*  tricone 
bit. 

Drilling  generally  very  slow 
and  difficult.  0-20%  DFR, 
•0-901  DFR  from  37.7-57.5 

Shot  2,  1/3  lb  sticks  kine- 
pack  •  10.0*  end  16.0' 

1  Sep  82  W.L.  Dry 

- 

A 

20  ' 

Sendy  GRAVEL  w/silt,  GP-GM 
numerous  cobbles,  occ. 
boulders  (1.5'),  (angular) 
loose  -  medium.  It.  brown 

B 

2  Sep  82  W.L.  Dry 

932.2 

J 

— 

(Rock  Rubble  Fill). 

Shot  2,  1/3  lb.  sticks  kine- 
pack  •  23.0'.  Casing 

- 

C 

deflected,  26.0’. 

30  ' 

Sendy  GRAVEL,  GP,  v/numer- 
ous  cobbles,  occ.  boulders 
(1.5'),  (angular) ,  medium, 
wet.  It.  br. 

(Rock  Rubble  Fill). 

2  Sep  82  W.L.  30.1' 

n 

0 

- 

918.7 

3  Sep  82  W.L.  Dry 

40  ’ 

E - 

3  Sep  82  W.L.  30.0’ 

4  Sep  82  W.L.  29. S' 

913.2 

I 

Silty  SAND.  5K.  (V.  fine). 

- 

F 

T  si.  p.,  wet,  medium.  9r./ 

1  br.,  isoletcd  thin  laminae 
\of  cleyey  silt. 

- 

Twisted  7.0'  of  drill  tools 
off  in  hole  -  retrieved. 

Broke  casing  •  37.5’  joint 
while  driving  to  19.7'. 
Retrieved  casing  leaving 

17.5'+  shoe  in  hole,  32.2'- 
_  49.7'. 

50 

G 

•98.7 

SAND,  SP,  (fine),  wet, 
dense,  orange/brwm,  occ. 
indistinct  bedding 

Top  of  rock  57.5'. 

60 

'*/*  \W 

"\  Totel  depth  57.5'. 

4  Sep  82  W.L.  33.2' 

70 

Semples  A-G  w/3*  split 
spoon  drive  sampler  using 
3601  hemmer. 

Installed  2-1/2“  I.D.,  Sch  80 
F/C  pipe.  Slotted  ?  1.0’ 
intervals,  37.3’-57.3'. 

11  Sep  82  W.L.  37.9* 

B0 

Blew  water  from  piezometer 
for  8  min.  W.L.  returned 
from  47. 7 ' 39 .4  '  in  126  min. 

S .W.L.  (37.7')  reached  by 

1300  hrs. ,  13  Sep  52. 

to 

ISO  ■ 
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PROJECT  phi.f  in, 
L0CATI0H_U£l_At 
DEPTH  OF  HOLE  58 
DEPTH  OF  O.l.  _2! 
HOC*  DRILLED  __2J 
t  COIE  RECOVERED- 
DIM.  HOLE  «V3* 
EQUIPHEHT  ttefciXt 


_ _  HOLE  HO.  13-K 

IHiPECTO*  tifrtj 

~C0RTRACT0R  r^.t  . . 

.DATE  STARTED £_§££t_U _ 

.DATE  COMPLETED  1  Sept  82 
SURFACE  EL.  eo  n _ 


H  | SLOWS 

U  "T 


DESCRIPTION  OF  MATERIALS 

Soil*  ClMtif  Icoilo* 

Flo*  ilcltf 
Cowl  it  too 
Not* toro 
Color 


REMARKS 

Cos  ii|  Dotth.  Do  oik  of  >olo  ot  Start 

*  tod  of  Shift,  *ator  Urol  at  Start 

*  tod  of  Sock  Shift  *  too,  Prilllof 
Tio*.  SUo  *  Tf o*  of  Bit.  Actio*  of 
Drill,  Boto  of  rtMtrsiln,  t  Votor 
loo*  or  lotoro,  Bator  Color,  Drills*! 
Floid  Dot*,  tic. 


Sandy  GRAVEL  w/Silt,  GP-GM  (Overburden  drilled  with  3-1/2* 
Numerous  cobble*,  <11*J,  Oct. tricone  bit,  water  circulatio 
Boulder*  (l.S'-D.O’),  I"  casing, 

(angular),  ND,  (loose),  (drj ) , 

Lt.  Br. 

(ROCK  RUBBLE  TILL)  _ _ 


Grades  to  cobbly  sandy 
GRAVEL  w/silt,  16.0’-2B.O’. 

Void  in  rubble  fragments, 
23.S*-25.2’. 


drilling  gen.  v.  slow  and  dif¬ 
ficult.  0-201  OPR. 

iole  deviating  from  vertical 
S  Sept  8?  WL  DRY 

"«  Sep  82  WL  DRY 

Cont'd  difficult  drill. 

Shot  3,  1/3  Lb.  sticks  Rinepac) 
16.5'  and  23.5'. 


Top  of  rock  29.0 _ 

’GRANITE*  (LAMPROPHYRE  to 
•5.0*1 

Dark  gray  to  white,  gen.  6  Sept  82  WL  24.2' 

fresh,  very  hard,  widely  7  Sept  B2  WL  28.0' 

ipaced  joints,  generally  Began  coring  t  29.1  w/NXMW 

smooth-moderately  rough,  core  bbl.  4  diamond  bit. 

■lightly  FeO  stained,  OCC.  Runs  A-E  0%  DFR  (poor  casing 
Lightly  infilled  w/calcite,  seat  on  top  of  rock), 
faintly  slickensided.  Joint  Installed  2-1/2*  I.o.  Sch  80, 
ingles  gen.  20°-«0°  from  PVC  Pipe,  slotted  8  1.0' 
loriz.  occ.  *0°-70°.  intervals,  20.4 ’-50.4’. 

_ _  Removed  drill  casing. 

7  Sept  82  WL  24.2’ 

8  Sept  82  WL  28.1’. 

11  Sept  82  WL  28.5' 

Total  depth,  50.8'  aoil 

lescriptions  based  on  surfaciBlew  water  from  piezometer  for 


Jbservation,  DFR  and  drill  8  min.  WL  re 
iction  30.8’  in  ISO 

■oil  sample  *A*  attempted  (28.5’)  was  r 
i/2 ’  split  spoon  drive  sampler  13  Sept  32. 
using  3601  surface  hammer. 

Recovery  Ot  and  destroyed 
■ampler  shoe  in  attempt. 


8  min.  WL  returned  from  45.0'- 
30.8’  in  ISO  min.  S.W.L. 

(28. S’)  was  reached  by  1300  hr< 


Bedrock  sampled  continuously^ 
n/VX  core  barrel,  diamond 
Sit. 
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#£ SCRIPT  I  OK  or  MRTttidlS 
Soil*  CUkOlf  iCOtlOO 
Flu  i  lc  1 1  y 
Couittoo 
Reiot  oro 
Color 


Silty  Sandy  cobbly  (11*) 
f RAVEL,  GM  (fine-coarse, 
angular ) ,  ND  (loosa)  dry. 
Lt.  Br.  (ROCK  RUBBLE  FILL) 


Cobbly  aandy  GRAVEL  v/sllt. 
GP-GM,  occ.  boulders  12.0') 
(angular),  (loose),  dry-vet 
Lt.  Br.  (ROCK  RUBBLE  FILL). 


IOUI1S 


Cooler  Boot  1,  Boot!  ot  led  oi  Biorl 

I  IM  of  Skifl,  Kotor  Urol  ol  Blort 
I  lot  of  loco  Bkltl  k  l:o,  Br  1 1 1 1  of 


tlao.  lice  t  Ty»o  of  Fis.  let ioo  ot 
Brill,  Boto  of  Foootrottoo.  I  Kotor 
loot  or  Botoro.  Kotor  trior,  Brilliof 
Kioto  Boto.  otc. 


Overburden  drilled  with  3-1/2* 
trieone  bit,  water  circulation 
I*  casing  reduced  to  NX  (3*) 
casing  and  2-1S/16*  tricone 
I  51.5*.  Samples  A-E  w/3* 
split  spoon  drive  sample  (3601 
hammer)  samples  F-B  v/2*  split 
spoon  drive  sampler  (1401  hamme 


Silty  SAND,  SM ,  (fine) ,  up. 
Loose,  vet,  GR/BR,to  orange/ 
br  mottled.  High  mica  con¬ 
tent. 


SAND,  (SP) ,  (fine),  isolated 
gravel  (fine-coarse  rounded) 
medium-dense,  vet,  medium 
brown . 

Thinly  laminated  v/sandy 
SILT. 

Moderately  plastic  clayey 
SILT,  65.5-66.8. 


Drilling  gen.  v.  slow  and  dif¬ 
ficult,  DrR-0».  Shot  3,  1/3  lt 
Sticks  kinepack,  5.6' 

10  Sept  82  KL  11.6' 

11  Sept  82  KL  11.3' 

Shot  3,  1/3  lb.  sticks  kinepack 
22.2* 

U  Sept  82  KL  10.8’ 

13  Sept  82  KL  11.7' 

drilling  somooth  and  even. 

Easy  penetration,  9.0%  DFR 


U  Sept  82 
t5  Sept  82 


KL  13.2' 
KL  11.9' 


Top  of  rock  66.9 


"GRA  NITE"  white,  fresh, 

very  hard  occ.  pyrite 
crystals,  joints  widely 
spaced,  smooth  to  moderatel) 
rough,  fresh  to  slightly 
stained  w/PeO,  occ.  slick- 
ensided.  Joint  angles 
35°-45°  from  horir. 


Begin  coring  #  69.5,  v/NXHV 
core  bbl.  s  Jiar.o-o  bit. 

60%  DFR 

15  Sept  82  KL  7.3' 

16  Sept  82  KL  10.1' 

60%  DF?. 


Total  depth  94.7'  rock 
rubble  fill  descriptions 
based  on  observation  of 
surface  conditions,  DFR 
and  drill  action. 


6  Sept  92  KL  7.0’ 

17  Sept  82  S'.L  11.2' 

Installed  2-1/2"  ID.,  Sch  60, 
PYC  Pipe  slotted  C  1.0' 
intervals,  49.4’-74.4‘. 
Removed  drill  casing. 


C-102 


MOLE  MO. 


MESCRIPTIOM  OF  MATERIALS 

Sail!  CloailMcatlao 
fUalicity 


Silty  Sandy  GRAVEL,  CM  v/ 
numerous  cobble*  (11")  Occ. 
boulder*  (2.5*),  (angular), 
KP,  (looae),  dry,  It.  br. 
(ROCK  RUBBLE  TILL) . 


SAND,  SP  (fine-medium) , 
denie,  (wet),  sod.  br. 


REMARKS 

Cu ill  bilk,  hill  **  let*  it  bin 
t  li*  •(  SiiH,  Inn  la**l  ot  tun 
t  In  of  Utl  Stilt  *  In.  *>llllo* 

T too.  Silt  t  Tip  of  lit.  total  1 1 
Prill,  lot*  of  Niotritio*.  S  Votor 
loot  or  lotoro,  Votor  Color.  Drillio* 
Plot*  Data,  otc. 


Overburdent  drilled  with  3*s” 
rlcone  bit,  water  circulation, 
4"  eating. 


Drilling,  rough,  grinding  to 
12.1',  amooth  to  1B.1  60X-80X 
DPR.  Drill  action  grinding, 
,18.1'-22.5',  DPR  OX. 

17  Sep  82  VL  6.7' 


18  Sep  82  VL  22.3' 
Began  coring  A  22.3  w/NXEV 
core  bbl.  A  diamond  bit. 

;  Runs  A-E  80-100X  DPR. 


VL  14.7* 


Installed  2V'  I.D.,  SCH.  80, 
PVC  Pipe  Slotted  8  1.0' 
Intervals,  11.0-42.0'. 

Removed  drill  casing. 

20  Sep  VL  23.7' 

23  Sep  VL  25.2' 

Blew  water  from  piezometer  for 
8  min.  VL  returned,  39.7’  - 
35.6’  In  8  hours.  SVL  (28.6’) 
1600  hrs  27  Sep  82 


PROJECT  n,i,r  Jaanab  Bam 

iocatiok  t»fc  Mouasat 

DEPTH  OP  POLE  61.9' _ 

DEPTH  Of  0.1.  **-7 - 

ROC*  OOIUEO  >7-*' _ 

$  CORE  HtWtltD  100R 
01  am.  naif  »'V3" 
EQUIPHEHT  Mobil*  0-80  Rot* 


_ NEE  00. _ 

INSPECTOR  bnbi 
‘(ORTRACTOR 
ioATE  OTARTEO  _ 

.OATE  COMPLETED  JUSkJl _ 

.  SURFACE  El.  _ 

■  X4.il*  E  2.291,522 


DESCRIPTION  OF  MATERIALS 

Ifila  CIam If  ictt !m 

flMtlCltr 

CoofiliN 

Hoist 

Color 


KINARKS 

Cut>|  !»»«».  M*i>  •'  »>*'« 

.  tiri  if  {lift,  nur  Ueel  .1  fieri 
I  In  if  ImI  S»Hi  A  trllUai 
Um,  file  »  Itt?  •'  *“•  »e!  •» 

frill.  tele  e»  fe.e'teliee,  *  **!•» 
L«m  er  Imn,  feier  Color,  Orllll.i 
flow  Dtti,  o«. 


Silty,  Sandy,  Cobbly,  Overburden  drilled  w/SV 

GRAVEL,  CM,  w/Occ ,  Bouldere  trlcone  bit,  water  elrcula- 
(1.5')  (Angular),  HP,  (Looai)tion,  A"  caalng.  Soil  aa^lea 
Lt.  Or.  (ROCK  RUBBLE  FILL)  A-C  by  3"  tplltspoon  drive 

aaapler  uelog  3601  haooer. 


Silty  SAND,  SM  (very  fine).  Drilling  rough,  grinding 
NP,  loose,  wet,  fed.  Sr.  DPR.  SOI 

- -  -  -  -  24  Sep  UL  DRV 

Sandy  GRAVEL,  CP,  (fine- 

coarse,  rounded),  loose,  25  Sep  VL  DRV 

wet,  aed.  br. 

Continued  rough,  glndlng  drill 
DFR-O-lOt.  Difficult  in 
cleaning  out  hole  prior  to 
stapling. 


TOP  OF  ROCK  44.7 


"GRANITE, "  (LAMPROPHYRE  , 
56.0'-61 .9 ' )  Dark  Cray  to 
White,  gen.  fresh,  bard-ver 
hard,  widely  spaced  jolnta, 
Gen-  Saooth,  fresh  to  SI. 
stained  (green),  faintly 
alicken  alidad.  Isolated 
gouge  f  53'.  Joint  angles 
gan.  35-55  degrees. froa 
horizontal. 


25  Sep  VL  32. 1’ 

27  Sep  WL  33.5' 

Cored  Bedrock. 

Began  coring  9  47.0  v/NXHV 
core  bbl.  4  diamond  bit. 

Installed  2«j”  I.D.,  SCH  80 
PVC  Pipe  Slotted  9  1.0’ 
Intervals,  10.0'-61.7'. 

Re ooved  drill  casing. 

_27  Sep  WL  9  26.1' 

8  Oct  SVL  32.25 


PROJECT  Chief  Joseph  Dee 

LOCATION  . . . 

DEPTH  OP  HOLE  56.0* 

DEPTH  Of  a  » 

ROCK  OR  I UED  M.T'-RR.R* 

%  CORE  RECOVERED  »» 

OIAM.  HOLE  4"/3H 


HOLE  HO.  82-RD-IO 


CONTRACTOR 
I DATE  STARTED 
.DATE  COMPLETED 
SURFACE  EL.  >63.2 


3  \*m  mil 


DESCRIPTION  OF  MATERIALS 
bite  CUulflotlM 
Ftatiklii 
CmiiIm 
btetan 
Cater 


Sandy  Cobble  GRAVEL  w/sllc 
CM- CP,  HP,  loose,  dry, 
(ROCK  RUBBLE  PILL). 


Sandy  clayey  SILT,  ML,  v/ 
gravel  (fine-coarse,  rounded 
to  sntular),  SL-PL,  very 
stiff  to  hard,  eolst,  GR/BR. 
(IMPERVIOUS  CORE) 


REMARKS 

Carla)  kill,  Draft  ef  late  at  Start 
t  lad  at  Stitt,  katar  Ural  at  Start 
S  taJ  at  Sect  Stitt  t  laa.  Mil  til 
Tire,  Stir  t  Tret  at  Sit,  tutor  rt 
Drill,  Irtr  at  rrrrtrrtiea.  S  Voter 
1st  or  Sotrrt,  Voter  Color,  Srilltoe 
Ploil  Data,  ate. 


Overburden  drilled  v/31] 
trlcone  bit*  water  circulation 
A"  casing.  Saaple  A  w/3" 
splltapoon  drive  sampler  A 
saaples  B-I  w/2"  splltspoon 
drive  saopler  A  HO*  banner. 


Rough,  grinding,  drill  action. 
DFR  OX  to  9.0',  100?  9.0'  to 
36.  r . 


2  Oct  82 


VL  1.2' 


CONCRETE  TOP  OF  R' 


"6RASITE"  white,  very  hard,  drill  ac 
flesh  to  F«0  Stained,  gen.  A  Oct  B2 
widely  spaced  joints  becoa- 
log  closely  to  very  closely  5  Oct  82 
spaced  9  42.3'-46.0',  Began  co 

s Booth  to  noderately  rough,  core  bbl 
FcO  stained,  Occ.  slicken-  Runs  A-E 
elided,  Iso.  oxidized  iron 
pyrlte  crystals.  Joint 
angles  gen.  40-60  degrees 
froa  horizontal. 


4  Oct  82  VL  4.7’ 
Continued  rough,  grinding 
drill  action 

4  Oct  B2  VL  +1.3' 


5  Oct  82  VL  3.7 

Began  coring  9  34.5  w/NXHV 
core  bbl.  A  diamond  bit. 
Runs  A-E,  DFR  90X  bta. 


5  Oct  82 


6  Oct  82 


VL  -+1.3’ 


VL  8.2’ 


Installed  2»j"  l.D.  SCR  80  PVC 
pipe  slotted  9  1.0'  intervals 
41.7'-56.7'.  Placed  sand 
filter  pack,  56.7'-33.7\ 
Placed  grout  seal  (ceaent  + 

Al.  powder),  33.7'-37.0’. 
Installed  1-1/8"  l.D.  SCH  40 
PVC  pipe  slotted  4  1.0'  Inter¬ 
vals,  24.0'-5.0' . 

6  Oct 

19  Oct  VL  17.5 

Blew  water  out  of  both  piezo¬ 
meters  for  8  sin.  V.  slow 
recharge  (101/1  hr. 

29  Oct  SVL  12.1/15.5 


MU  HO 


ii 


PROJECT  Chief  Joteph  D»> 

LOCATION  Left  ttUUMCUt _ 

DEPTH  Of  WOtt  St.** _ 

DEPTH  Of  O.O.  I3‘*' 

10(1  DRILLED  IU1 _ 

t  C0*£  HCW»CO_IH _ 

0 1  AM.  iOlF  4"/3" _ 

iqu  i  men  Mobil*  *-*o  tout 


_  MOLE  HO 

t  ASPECT*  hrit. 
_CO*T»*£TOFJ 
I  DATE  ITMTEI 
.DATE  COMPLETED 
.  SURFACE  CL. 

.  _ £ 


V  \ 

'  n 

«  ■  k 


DESCRIPTION  Of  MATERIALS 
Sell*  Claaalf Itailaa 
Plastic  ttf 
CssSIlis# 

Mm» 

C(ltr 


Sandy  cobbly  (11")  GRAVEL 
w/sllt  CP- CM,  occ.  boulder* 
(1.5'),  looee,  dry.  It.  br. 
JKOCX  RUBBLE  FILL) _ 


Sandy  GRAVEL,  CP,  Fine- 
coarse,  rounded,  scattered 
cobbles  (5”),  aed.,  wet.  It. 
br.  Isolated  gravelly, 
sandy  SILT,  ML,  25.0-26.0' 
i  27.*- 29. 7*.  (GRAVEL  FILTEJ 
TOP  OF  ROCK  33.2 


REMARKS 

Caiiai  teats.  Seats  at  lata  at  Start 
i  lea  at  Stilt,  later  lacat  at  Start 
I  tee  el  Sari  Suit  I  laa.  Srtlllaa 
lira.  Star  S  Tya*  e>  Sit,  Ittiea  at 
»UU,  lata  el  Haetratiee,  S  Water 
laa  er  Setara.  later  Cater.  Sriltiaa 
Halt  tata.  etc. 


Overburden  drilled  with  3V 
trlcone  bit,  wster  circula¬ 
tion,  A”  casing.  Ssaple  A 
_y/3"  splltapoon  drive  sailer 
A  360#  ha  toner.  Sanples  B-D 
w/2"  splltspoon  drive  sailer 
A  1A0#  haver. 

Drilling  slow,  difficult 
DFR.  *01 

1A  Oct  Vt  CS 

15  Oct  VL  5.3’ 

Drilling,  grinding,  easy 
DFR.  401 

15  Oct  VL  S.I 


GRANITE  bedrock  white,  very 
bard,  fresh,  closely  spaced 
Joints  35.0'-44.0'  4  54.0'- 
56.4',  v.  closely  spaced 
44. 4'-4S.6  *  A  Sl.S'-52.4\ 
widely  spaced  A6.0'-51.5'. 
Joints  gen.  snooth  to 
aoderstcly  rough,  SL.  FeO 
stolned,  Occ.  Infilled  by 
calclte,  ellckenalided  150 
gouge,  41.5'.  Joint 

I  angels  gen.  30-40  degrees 
fron  horizontal. 


T6  Oct  VL  10.2 

Began  coring  §  35.5  v/NKHU 
core  bbl.  A  dlaaond  bit. 
Runs  A-B  DFR.  90t 


IB  Oct  VL  11.2 

Runs  C-E  DFR.  90E 
Installed  2%"  I.D.  SCH.  80 
PVC  pipe. slotted  at  1.0' 
intervals,  46.0'-56.0'. 

Placed  seal  (bentonite  pellet 
_30.0'-40.0’.  Installed  1-1/8' 
I.D.  SCH  40,  PVC  pipe  slotted 
at  1.0'  Intervals,  10. 0'- 
25.0'. 

Resoved  drill  casing. 

18  Oct  VL  11.9' 

19  Oct  0800  VL  14.6’ 

Blew  wacer  out  of  lower  stage 
for  10  sin.  VL  returned  fro* 
57 . 2'-13. 1 '  In  30  Bin. 

19  Oct  1600  SVl  11.3’ 


‘  \ 

'  V\ 

N  *  t 


KSGIIPTIM  or  MTCRIAtS 

Sell*  eiaHlIMllM 
flaiklif 

CmIUIm 

fcliim 

Cater 


Sandy,  Cobbly  Gravel,  v/Sll 

Occ  Boulder*  (1.5'),  Loose , 
Dry,  (BOCK  BUBBLE  FILL) 


Sandy,  Cobbly  GRAVEL,  CP, 
w/Oce.  Boulder  ( 1  .£} ,  Loose- 
Dense,  Lt.  Br.  (ROCK  RUBBLE 
FILL). 


REMARKS 

Culij  Daatfc.  Diitk  of  l«l«  it  Start 
I  Baft  of  Slid.  MUf  UmI  at  Start 
ft  la#  of  Back  Sftift  ft  In,  trllUai 
flat.  Slat  ft  Tyoa  or  In,  ftctiaa  of 
Srlll,  lata  of  Naatratioa.  S  latar 
Laaa  or  latara,  Vatar  Color.  Sritlfaf 
llatft  Oat*,  ate. 


Overburden  Drilled  w/3*sM 
Jrlcone,  Hater  Circulation, 
4”  Casing. 

Sattg>les  A-B  w/3"  Split  Spoon 
Drive  Sampler  4  360#  Hammer. 

Very  Difficult  Slow  Drilling. 
DFR  40  Z 

-20  Oct  82  WL  DRY 

21  Oct  82  WL  DRY 

Difficult  Drill 
DFR  OZ 

21  Oct  82  WL  DRY 


22  Oct  82 
Difficult  Drill 
DFR  OZ 
22  Oct  82 


HL  20.7 


iaf~cxmr;  cr,  kb**; 

et.  Lt.  Br.) 


23  Oct  82 
3  Oct  82 


WL  29.5’ 


28  Occ  82  WL  35.7 

Blew  Water  Out  of  Pierometer 
for  8  Min. 

28  Oct  82  WL  35.7 


29  Oct  82 


SWL  35.7 


Installed  2*j  I.D.,  SCH.  80, 
P.V.C.  Pipe  Slotted  f  1.0’ 
Intervals,  10.0’-40.0; 

Removed  drill  casing. 


PROJECT  Chief  Joseph  Dam 
LOCATION  Left  Abutwent 


_  NOlf  NO. 

INSPECTOR  EjBaile 


CONTRACTOR  Carl  Pitts 


OATE  STARTED  »  WOV  82 
DATE  COMPLETED  19  Hoy  «2 
SURFACE  EL.  853.0 
N  364,324  E 


H  BLOWS 


DESCRIPTION  of  materials 

fails  Classifies! Isa 
flMtlcilr 

Caaftitias 
Hots tars 
Cslor 


REMARKS 

C»«  li|  Dwitfc.  Dwell  of  ieU  si  Start 
ft  lid  of  Sfcift.  Vstsr  Urol  at  Stsrt 
ft  Soft  of  Esc  ft  Sfcift  ft  Isa.  Drllltsf 
r»w»,  Sit*  ft  T/m  •/  lie.  ftetios  #/ 
Drill,  tstv  of  Nsotrsilea,  i  Vatsr 
lost  or  ftitra,  Valor  Color,  Drilllsi 
Find  Data.  otc. 


Silty  SAND,  SM,  w/gravels,  12*  starter  casing  to  11.0' 
sowe  cobble*  to  8*  and  occ  set  with  backhoe . 
boulder  to  2.0'  (angular), 
aediue  brown,  eoist. 


Silty  sandy  GRAVEL,  CM, 

1*  -  1-1/2*  w/occ.  cobble 
to  1-10*,  loos*  to  dense, 
brown. 


Casing  following  bit. 
W.L.  Dry 
_16  Nov  82 

17  Nov  82 
W.L.  Dry 

Hole  and  casing  I  29' 
17  Nov  82  W.L.  Dry 


18  Nov  82 
W.L.  Dry 


Top  of  rock  42.0' 


Bailed  hole  dry. 
18  Nov  92 


Granite 


Bo t tow  |  44.0’ 


19  Nov  82 
W.L.  36.7’ 

Backfilled  to  43.0’  with 
sandy  gravel.  Set  Johnson 
10*  non.  telescoping,  low 
carbon  alloy  screen  38.0- 
43.0'.  Pulled  casing  to 
38’.  Bailed  for  3  hours 
averaged  2-2-1/2  g.p.B. 


DRILLING  LOG 


DfVTSOi 


TW.LATCN 


DRLLNC  LOG 


InvaON 


ENG  FORM  1636  ncvnut  Knew  at  tnatii. 

KM  71 


<CH-  JOSEPH  LT.  EUBANK. 


C-120 


DRILLING  LOG 


Installation 


CHIEF  JOSEPH  DAM  Lt.  EMBANKMENT 


2.  l  OCA  7  KM  CtarafctfM  or  SMM 

PIEZOMETER  INSTALLATION 


10.  size  uo  type  Of  BIT  4»  TRICONE 

.  L  DATUM  FOR  ELEVATION  SHEWN  fTOM  V  HSU 


MOBILE  B-80  POWER 

AUGER 

o.  total  no.  of  over¬ 
burden  saities  TAKEN 

DISTURBED  ‘UNDISTURBED 

ENC  FORM  1836  ratwou *  tarns  wrt  aasourc. 


rBtf^OSEPH  DAM  LT.  AMJtT1»Ac 


C-122 


PSi^JoSEPH  DAM  LT.  ABUT.  }l  "fo-RD-AO* 


C-123 


APPENDIX  D 
BLASTING  CRITERIA 


( 


Structural  Excavation 
Pre-Shear  Testing 
Chief  Joseph  Dam  Additional  Units 
Contract  DACW67-75-C-0077 


This  report  is  being  prepared  per  request  of  Office  Chief  of  Engineers 
and  the  Seattle  District  Office,  F  &  M  Branch.  This  report  will  also 
be  included  as  part  of  the  foundation  report  to  be  prepared  at  a  later 
date.  This  report  covers  the  pre-shear  testing  for  excavation  of  the 
penstock  slots  and  powerhouse  addition  excavation. 

With  the  excavation  in  close  proximity  to  an  6 pe rating  powerhouse  and 
directly  beneath  an  Intake  structure  with  75-feet  of  reservoir,  strin¬ 
gent  blasting  requirements  were  imposed  in  the  contract. 

The  first  requirement  prior  to  any  production  pre-shearing  was  the 
establishing  of  blasting  criteria,  hole  spacing,  loading,  which 
included  spacing  of  explosives  and  weight  of  charges,  and  particle 
velocity  in  both  adjacent  rock  and  concrete. 

The  specifications  limited  the  contractor  to  2-inch  nominal  diameter 
blast  holes,  line  holes  or  cushion  blast  holes.  At  the  option  of  the 
contractor,  the  diameter  of  the  perimeter  or  pre-shear  holes  drilled 
along  the  final  design  slopes  could  be  increased  up  to  2  3/4-inches 
in  diameter  provided  the  velocity  of  the  explosive  charge  was  the 
same  or  higher  and  the  size  of  the  explosive  charge  was  not  greater 
than  that  used  in  the  2-inch  diameter  holes. 

Eight-foot  maximum  production  lifts  were  established  in  critical  areas. 
Critical  areas  were  those  in  which  pre-shearing  was  to  be  accomplished 
to  produce  neat  line  and  final'  grades.  Maximum  lift  thickness  for  non- 
critical  areas  was  12-feet.  Pre-shearing  was  accomplished  with  24-foot 
deep  holes. 

Particle  velocities  were  established  allowing  the  maximum  particle 
velocity  at  20-feet  to  be  2-inches/second  in  rock  and  4- inches /second 
in  adjacent  concrete. 

To  allow  the  contractor  maximum  flexibility  under  the  contract,  specific 
bid  items  were  established.  In  both  production  and  pre-shearing  in 
critical  areas  the  contractor  was  paid  by  the  lineal  foot  of  drill  hole 
for  rock  excavation.  In  non-critical  areas  rock  excavation  was  paid 
for  by  the  cubic  yard.  Production  holes  were  required  to  be  loaded  where¬ 
as  pre- shear  holes,  either  vertical  or  on  a  45°  slope,  would  be  paid 
for  loaded  or  unloaded. 

Rock  in  the  excavation  area  is  predominately  a  granodiorite.  It  is 
moderately  hard  to  hard.  Joint  spacing  varies  from  less  than  1"  to 
6-feet  with  an  average  of  1-2-feet.  Some  minor  intrusions  are  scat¬ 
tered  throughout  the  excavation  with  variations  of  the  granodiorite 
ranging  from  a  schistose  to  gneissic  structure. 


The  major  joint  sets  are  striking  north  40-45°  west  and  dipping  60-70° 
to  the  east  and  north  35-40°  east  and  dipping  65-70°  to  the  east. 

This  report  basically  covers  the  first  portion  of  the  blasting  require¬ 
ments  which  was  the  pre-shear  testing.  The  objective  of  the  pre-shear 
testing  was  to  obtain  relatively  smooth  undamaged  backslopes  and  to 
eliminate  any  possible  structural  damage  to  the  adjacent  structures 
through  excessive  particle  velocities. 

At  the  time  test  blasting  was  required  there  was  not  a  suitable  area 
for  experimentation  outside  the  critical  penstock  slots.  Testing,  there¬ 
fore,  was  conducted  in  the  penstock  slots  of  Units  24,  25,  and  27.  To 
minimize  damaging  the  final  backslopes  of  the  future  35- foot  wide  pen¬ 
stock  slots,  the  center  portions  were  used. 

Dimensions  were  18- feet  long  by  18- 19- feet  wide.  Due  to  the  close- 
moderate  jointing  of  the  rock  12  and  18-inch  hole  spacing  was  selected 
although  9-inch  hole  spacing  was  used  in  one  case.  Upon  completion  of 
testing  the  remaining  portion  of  the  penstock  slot  was  shot  to  final 
design  slope  using  the  optimum  spacing  and  loading  found  in  the  testing. 

The  following  is  a  description  of  each  shot  and  the  results.  For 
specific  details  of  each  shot,  see  the  attached  blasting  report  and 
tabulation. 

Pre-shear  Test  Shots  Nos.  1  and  2 


The  first  two  tests  were  conducted  in  Penstock  Slot  25.  Due  to  the 
structure  of  the  rock,  to  better  compare  results  and  to  expedite  the 
testing  program,  comparable  leadings  and  hole  spacings  were  used  in 
the  same  slot  but  reversed  between  Shots  1  and  2.  Pre-shear  holes 
were  shot  simultaneously.  Production  holes  were  shot  150  milliseconds 
after  the  pre-shear  holes. 

Upon  removal  of  the  production  shot,  there  was  very  little  difference 
between  the  backslope  as  produced  by  the  12  and  18- inch  center  holes. 
Some  pre-shear  hole  casts  were  visible;  complete  drill  holes  were  left 
in  the  more  massive  rock.  Some  overbreak  did  occur,  6-9-inches,  be¬ 
tween  the  18-inch  spacing  but  no  more  than  could  be  found  between  the 
12-inch  spaced  holes.  This  indicated  that  the  difference  in  hole  spac¬ 
ing  in  either  shot  had  little  effect  on  the  backslope.  Overbreak  of 
1-3- feet  did  occur  at  the  top  of  the  slope  and  was  attributed  to  pre¬ 
vious  excavation,  the  single  explosive  charges  at  the  bottom  of  each 
hole  or  the  confinement  of  the  charge  at  a  shallow  depth  with  full  stem¬ 
ming. 

Pre-shear  Shot  No.  3 


Penstock  Slot  24  was  drilled  with  pre-shear  holes  spaced  at  18-inches 
on  the  right  side  and  12-inches  on  the  left.  Feeling  that  the  pro¬ 
duction  shot  was  to  close  in  time  to  the  pre-shear  and  may  have  inhibited 
the  development  of  the  maximum  pre-shear  plane  in  Shots  1  and  2,  pre- 
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shearing  in  Shot  No.  3  was  accomplished  without  a  production  shot. 

Hole  depths  were  increased  to  24-feet  as  it  was  felt  that  the  shallow¬ 
ness  of  the  holes  in  Shots  1  and  2  may  have  contributed  to  some  of 
the  overbreak  and  that  24- foot  deep  holes  would  approximate  that 
used  in  actual  production  pre-shearing.  As  seismic  vibration  had  been 
exceeded  in  Shots  1  and  2,  9  millisecond  delays  were  used  between 
every  third  loaded  hole.  On  the  side  with  18-inch  hole  spacing  every 
hole  was  loaded  and  the  same  delay  pattern  as  the  12-lnch  hole  spacing. 

Upon  excavation,  it  was  evident  that  the  18-inch  pre-shear  backslope 
was  much  better  developed  than  the  12-inch  pre-shear  backslope.  Over¬ 
break  between  holes  and  at  the  top  of  the  slope  were  reduced  over  Test 
Shots  Nos.  1  and  2.  Approximately  857.  of  the  18-inch  pre-shear  holes 
were  in  evidence  throughout  the  section.  The  12- inch  pre-shear  wall 
was  irregular  due  to  the  intermediate  hole  being  unloaded  and  the  shear 
plane  did  not  in  all  cases  pass  through  the  unloaded  hole.  Breakage 
occured  both  in  front  and  behind  the  drill  hole.  Failure  of  the  shear 
plane  to  break  through  the  unloaded  hole  was  due  to  hole  spacing  and 
not  the  structure  of  the  rock.  About  807.  of  the  loaded  holes  were 
left  as  casts. 

Pre-shear  Test  Shot  No.  4 


Penstock  Slot  24  was  used  for  Test  Shot  No.  4.  Hole  spacing  was  re¬ 
versed  from  Test  Shot  No.  3.  All  holes  were  loaded.  String  charges 
of  707.  Gelex  No.  2  were  taped  to  detonating  cord.  Again,  to  reduce 
seismic  vibration,  9  millisecond  delays  were  used  between  every  third 
hole.  Charges  were  staggered  in  adjacent  holes.  Stemming  was  used 
in  the  top  4- feet  of  the  hole. 

After  excavation  little  difference  was  noted  between  the  12  and  18- inch 
pre-shear  walls.  Between  80-85%  of  the  holes  were  in  evidence.  Breakage 
between  holes  was  good,  with  minimal  overbreak  occur ing.  Overbreak  at 
the  top  of  the  backslope  was  1-2-feet  behind  the  pre-shear  line. 

Pre-shear  Test  Shot  No.  6 


In  Penstock  Slot  25  all  pre-shear  holes  were  shot  instantaneously  with 
150  millisecond  delay  between  the  pre-shear  and  production.  This 
method  was  necessary  as  it  would  have  been  difficult  to  have  drilled 
the  production  shot  area  at  a  later  date.  Tie  backslope  was  well  de¬ 
veloped  with  minimal  overbreak.  Approximately  85-907.  of  the  pre-shear 
holes  were  left  as  casts.  Loading  of  pre-shear  holes  was  reduced  from 
.15  lbs/ft*  to  .06  lbs/ft^.  Stemming  was  reduced  to  2-feet  in  pre¬ 
shear  holes  to  allow  more  venting  and  reduce  overbreak  at  the  top  of 
the  backslope.  Pre-shearing  was  as  well  developed  in  Shot  No.  6  as 
that  in  Shot  Nos.  1,  2,  3,  and  4  for  18-inch  hole  spacing. 
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The  remainder  of  Penstock  Slot  24  was  shot  in  Shot  No.  7.  Shot  No.  7 
was  loaded  identically  to  that  of  Shot  No.  6,  the  difference  being  a 
5  millisecond  delay  placed  between  each  fifth  hole.  Shot  No.  7  was 
delayed  in  this  manner  to  compare  pre- sheared  backslopes  developed  by 
firing  instantaneously,  as  against  backslopes  developed  by  delaying 
between  holes.  In  examining  the  backslcpe  of  Shot  No.  7  and  comparing 
it  to  other  18-inch  backwalls,  there  appears  to  be  very  little  differ¬ 
ence. 

Pre-shear  Test  Shot  No.  8 


To  evaluate  the  possibility  of  eliminating  overbreak  at  the  top  of 
the  backslope.  Penstock  Slot  27  was  drilled  with  alternating  12-foot 
and  24-foot  deep  holes  on  9-inch  centers  with  the  24-foot  deep  holes 
loaded.  Powder  factors  were  reduced  from  .06  lbs/ft^  to  .04  lbs/ft^, 
anticipating  that  the  unloaded  holes  would  provide  additional  relief. 
Unloaded  holes  were  not  stemmed.  With  the  completion  of  excavation, 
it  could  be  seen  that  either  the  charge  per  hole  was  to  light,  or  the 
unloaded  holes  did  not  provide  the  relief  expected.  The  pre-shear 
plane  broke  in  front  of  and  behind  the  anticipated  neat  line  and  only 
occasionally  broke  through  the  relief  hole.  The  general  condition 
of  the  backslope  was  quite  irregular  and  the  overbreak  at  the  top 
of  the  backslope  was  not  eliminated. 

Test  Shot  No.  8  concluded  the  testing  program.  The  following  con¬ 
clusions  were  used  as  criteria  to  establish  basic  pre-shear  blasting: 

1.  In  all  test  shots,  18-inch  hole  spacing  developed  backslopes 
as  well  as  12-inch  pre-shear  backslopes.  With  economics  of  drilling 
involved,  18-inch  hole  spacing  was  selected. 

2.  Stemming  of  pre-shear  holes  was  minimized.  Stemming  depths 
varied  from  a  maximum  of  9-feet  to  2-feet  in  testing  with  4-feet  to 

0  used  during  actual  production  pre-shearing.  Due  to  the  closely-to- 
moderately  jointed  rock,  it  was  felt  that  gases  were  causing  some  of 
the  overbreak,  not  only  in  the  backslope,  but  at  the  top  of  the  slope. 
All  pre-shear  shots  were  henceforth  allowed  to  vent. 

3.  Explosive  charges  per  square  foot  were  varied  from  .03  lb  to 
.15  lb.  Optimum  was  felt  to  range  between  .07  of  a  lb  to  .12  lb  per 
square  foot.  As  production  pre-shearing  progressed,  explosive  charges 
were  reduced  to  .07  lb  per  square  foot. 

4.  Pre-shear  was  shot  separately  and  well  in  advance  of  any  pro¬ 
duction  shot.  A  delay  sequence  was  not  used  as  pre-shear  was  accom¬ 
plished  2-3  days  prior  to  production  blasting. 
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5.  The  question  arose  in  regard  to  benefits  from  firing  simul¬ 
taneously  or  with  some  delay  sequence  between  holes.  It  was  shown 
in  test  shots  where  little  relief  for  pre-shear  was  available,  par¬ 
ticle  velocities  exceeded  the  specification  requirements  of  2-inches 
per  second  at  20  feet.  Delay  sequences  did  attenuate  the  particle 
velocity,  but  again  not  below  specification  requirements.  A  majority 
of  readings  fell  in  the  range  of  4-5- inches  per  second.  In  production 
pre-shearing,  delays  were  held  to  5  millisecond  delays  to  minimize 
time  lapse.  Pre-sheared  backslopes  created  by  delayed  shots  show 
little  difference  than  those  of  simultaneously  fired  backslopes. 

In  conclusion,  the  pre-shear  backslopes  are  well  developed.  Some 
overbreak  did  occur,  not  only  in  the  backs lope  but  at  the  top  of 
the  slope.  This  overbreak  was  attributed  mainly  to  the  structure  of 
the  rock,  both  in  joint  spacing  and  attitude  at  which  the  joints  in¬ 
tersected  the  pre-shear  wall. 
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POWDER  DESCRIPTION 


Dupont  Tovax  200 

Weight  per  stick  1%"  x  12"  =  .58  lbs. 

1%"  x  12"  =  .85  lbs. 

Dupont  Trimtex 

Weight  per  stick  7/8"  x  24"  =  .5  lbs. 

Dupont  Gelex  2  -  70%  attached  to  25  grain  detonating  cord 

Weight  per  stick  1"  x  8"  =  .33  lbs. 

Spacing  36"  centers 

Initiation  of  a  firing  sequence  was  accomplished  by  safety  fuse  and 
cap  with  the  safety  fuse  having  a  burning  rate  of  120  seconds  per  yard. 

Detonating  cord  Ensign  &  Bickford  200  grain  priraacord  &  25  grain 

E  cord  for  down  lines 

Delay  sequences  were  established  with  both  MS  delay  caps  &  MS  connectors. 
Stemming  -  Clean,  minus  No.  4  concrete  sand. 
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6.2  Objectives :  Primary  objective  is  to  remove  rock  materials 
in  a  manner  that  will  leave  rock  outside  of  the  excava.ion  limits 
undisturbed  and  conforming  as  nearly  as  possible  to  lines  and 
grades  shown  on  the  drawings,  or  as  directed.  Breakage  of  rock, 
ease  of  handling  and  conservation  of  effort  are  recognized  as 
objectives,  but  shall  be  considered  as  secondary  to  the  objectives 
stated  above.  It  is  the  responsibility  of  the  Contractor  to  con¬ 
duct  his  operations  so  that  the  stated  objectives  are  achieved. 

6.3  Method  of  Excavation;  Rock. excavation  shall  be  accom¬ 
plished  by  systematic  drilling  and  blasting  within  the  limitations 
specified  herein,  except  that  rock  excavation  within  existing 
powerhouse  skeleton  bays  17  through  20  shall  be  accomplished  by 
methods  other  than  blasting  and  in  a  manner  as  approved  by  the  Con¬ 
tracting  Officer.  Contractor  shall  employ  2-inch  nominal  diameter 
holes,  for  blast  holes,  line  holes  and  presplit  or  cushion  blast 
holes.  At  the  option  of  the  Contractor,  the  diameter  of  the  perim¬ 
eter  holes  drilled  along  final  design  slopes  in  areas  1  and  2 

may  be  increased  up  to  2-3/4-inch  diameter  maximum  provided  the 
velocity  of  explosives  is  the  same  or  higher  than  that  used  for 
2- inch  holes  and  the  size  of  the  explosive  charge  is  no  greater 
than  that  used  for  the  2-inch  holes.  Payment  for  the  larger  size 
holes  shall  be  at  the  unit  price  of  the  2-inch  diameter  holes. 
Deviation  in  hole  alinement  shall  not  exceed  one-quarter  of  the 
distance  of  the  hole  spacing  or  6  inches,  whichever  is  greater. 
Blasting  shall  be  to  existing  or  "V"-cut  blasted  free 
faces.  Existing  free  faces  shall  be  progressively  modified  to 
face  easterly  or  westerly.  "V"-cut  blasted  faces  shall  face 
east  and  west  at  right  angles  to  the  Intake  Structure  and  shall 
be  initially  created  by  blast  holes  not  steeper  than  45  degrees 
(See  sketch  attached  at  end  of  this  Section).  With  the  approval 
of  the  Contracting  Officer,  other  olast  patterns  may  be  used  in 
excavating  the  penstock  slots.  Such  proposed  patterns  shall 
have  been  demonstrated  to  be  patterns  of  least  damage  to  rock 
slopes  in  noncritical  areas  prior  to  their  use  in  the  penstock 
slots.  Contractor  shall  employ  controlled  blasting  techniques 
such  as  but  not  limited  to,  line  drilling,  cushion  blasting  ana 
presplitting  to  control  damage  to  the  final  cut  faces.  Prior  to 
excavation  of  the  final  face,  Contractor  shall  conduct  such  con¬ 
trolled  experimental  blasts  in  areas  to  be  excavated  away  from 
the  face  to  acertain  the  optimum  method  of  controlling  rock 
damage.  Contracting  Officer  will  monitor  all  blasting  operations 
to  preclude  damage  to  final  rock  faces  and  structures.  Contracting 
Officer  will  use  vibration  monitoring,  photo  comparisons,  instru¬ 
mental  structural  alinement  observations,  deformeters  and  water 
inflow  data  in  rock  slopes  to  control  the  blasting  and  prevent 
progressive  damage.  Because  damage  to  the  Intake  Structure  and 
underlying  rock  is  the  <  ’mulative  sum  of  damage  caused  by  this  and 
earlier  contracts,  plus  stress  changes  induced  by  structural  addi¬ 
tions  and  pool  rise,  each  blast  must  be  accomplished  without  any 
recordable  damage  to  the  adjacent  concrete  structures,  the 
foundation  rock  supporting  the  structures  or  to  final  design 
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slopes.  Rock  farther  than  10  feet  from  any  final  design  slope 
shall  be  blasted  in  lifts  that  do  not  exceed  12  feet  using 
vertical  or  near  vertical  blast  holes  (rock  in  rock  excava¬ 
tion  areas  1  and  2).  Rock  within  10  feet  horizontally  of  any 
final  design  cut  slope  (areas  2  and  3)  shall  be  blasted  in 
lifts  8  feet  deep.  Blast  holes  in  area  3  shall  be  inclined 
45  degrees  and  paralles  to  the  design  slope.  These  8-foot  lifts 
shall  not  be  blasted  until  the  adjacent  area  2  lift  has  been 
blasted  and  excavated.  Area  2  blast  holes  along  the  final 
excavation  line  shall  penetrate  to  the  final  design  grade  in 
area  3  but  shall  not  be  loaded  in  area  3  except  as  may  be  per¬ 
mitted  by  the  Contracting  Officer.  Inflow  test  holes  of 
3  inches  diameter  shall  be  drilled  from  the  top  of  each  8-foot 
lift,  as  shown, 
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before  blasting  adjacent  rock.  Gravity  water  inflow  tests  shall 
be  made  before  and  after  blasting  as  directed  by  the  Contracting 
Officer.  Test  consists  of  filling  the  hole  with  water  and  recording 
the  rate  at  which  the  water  level  drops. 

6.3.1  All  rock  excavation  in  each  penstock  area  shall  be  completed 
to  final  grade  and  peripheral  rock  bolting  completed  prior  to  con¬ 
struction  of  concrete  pier  for  service  deck  or  any  temporary  piers 

on  adjacent  rock  surfaces. 

6.4  Blasting : 

6.4.1  General ;  All  blasting  operations  shall  be  performed  in 
accordance  with  the  applicable  provisions  of  Corps  of  Engineers 
Manual  EM  385-1-1,  titled  "GENERAL  SAFETY  REQUIREMENTS,"  as 
amended  except  that  firing  of  blasts  electrically  will  not  be 
permitted.  If  one  of  the  ammonium  nitrate  compound  type  of  explo¬ 
sives  is  used,  storage  and  procedures  for  use  shall  conform  to  the 
requirements  set  forth  in  the  Bureau  of  Mines  information  Circular 
8179,  SAFETY  RECOMMENDATIONS  FOR  SENSITIZED  AMMONIUM  NITRATE 
BLASTING  AGENTS.  Blasting  shall  be  used  only  as  necessary  to 
loosen  rock.  Explosives  shall  not  be  used  as  a  means  to  reduce 
size  of  material  or  as  a  means  of  transporting  material.  The 
Contractor  shall  submit  his  drilling  and  blasting  plans  to  the 
Contracting  Officer  for  approval  at  least  three  (3)  working  days 
prior  to  initiation  of  drilling  operations  in  the  applicable  area. 
Plans  shall  show  hole  positions,  angles  and  depths,  type  and 
quantity  of  explosives  to  be  used  and  firing  sequence,  all  relative 
to  existing  stations  and  grades.  No  drilling  or  blasting  will  be 
permitted  without  the  Contracting  Officer’s  approval.  The  work 
shall  be  conducted  in  such  a  manner  that  rock  outside  excavation 
limits  and  concrete  structures  will  be  undisturbed  and  the  shape 

of  the  excavation  will  conform  as  nearly  as  possible  to  lines 
and  grades  shown  on  the  drawings  or  as  directed.  No  blasting 
shall  be  done  within  100  feet  of  concrete  which  has  been  in 
place  less  than  7  days.  If,  in  the  opinion  of  the  Contracting 
Officer,  the  size  of  any  proposed  shot  outside  the  100-foot 
area  will  disturb  fresh  concrete,  the  size  of  such  shot  shall 
be  reduced.  When  oncrete  is  older  than  7  days,  shots  within 
100  feet  of  the  concrete  shall  be  reduced  as  necessary  so  as 
not  to  damage  the  concrete  structure.  Mats  or  other  approved 
means  shall  be  employed  as  necessary  to  control  flying  rock  and 
pi-  ant  damage  to  structures  or  equipment.  Whenever,  in  the 
opinion  of  the  Contracting  Officer,  further  blasting,  the 
method  of  blasting,  or  size  of  a  proposed  shot  may  damage  the 
permanent  rock  face,  rock  bolts  and  drain  holes;  the  existing 
concrete;  or  the  rock  upon  or  against  which  concrete  is  to  be 
placed,  the  method  or  size  of  shot  shall  be  modified  to  his 
satisfaction  or  the  use  of  explosives  shall  be  discontinued 
and  the  excavation  shall  be  completed  by  wedging,  barring, 
channeling,  and  broaching  or  other  suitable  means. 

6.4.2  Vibration  Limitations:  Proximity  of  rock  excavation  to 
the  intake  structure  and  the  necessity  to  maintain  the  structural 
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integrity  of  the  rock  slope  requires  that  limitations  be  placed 
on  Contractor's  blasting  operations  so  that  damaging  ground 
vibrations  will  not  be  generated.  At  no  time  will  blasting  be 
permitted  which  creates  a  vectorial  sum  of  peak  particle  velocity 
greater  than  4  inches  per  second  as  measured  on  any  of  the 
adjacent  concrete  structures  o.  appurtenances  or  2  inches  per 
second  on  all  final  design  rock  faces  at  a  distance  of  20  feet 
from  the  blast.  Blasts  shall  be  relatively  small  with  respect 
to  pounds  of  explosives  per  delay  and  each  delay  shall 
be  separated  by  a  minimum  interval"  of  10  milliseconds.  The 
Contracting  Officer  will  instrumentally  monitor  any  and  all 
blasts  to  determine  the  Contractor's  compliance  with  peak  part¬ 
icle  velocity  limitations  as  specified  and  will  promptly  advise 
the  Contractor  regarding  required  changes  in  his  procedures. 

6.4.3  Coordination:  Contractor  shall  notify  Contracting 
Officer  at  least  2  hours  in  advance  of  each  intended  blast  and 
shall  be  responsible  for  coordination  of  detonation  with  the 
monitoring  station.  Contractor  shall  maintain  constant 
telephone  or  other  approved  communication  with  personnel 
manning  the  monitoring  station  during  the  final  5  minutes 
prior  to  detonation  to  assure  adequate  monitoring.  The  blasting 
shall  not  interfere  with  work  of  other  Contractors  or  Govern¬ 
ment  operations. 

6.5  Wire  mesh  protective  screen  shall  be  installed  on  excavated 
rock  faces  60  degrees  or  steeper  vertical  where  the  faces  are  10 
feet  high  or  greater  to  protect  personnel  against  possible  falling 
of  loose  or  spalled  rock  until  concrete  is  placed. 

6.5.1  Wire  mesh  shall  be  chain  link  fabric  conforming  to  Federal 
Specifications  RR-F-191G  and  RR-F-191/1A,  Type  1  or  II,  2-inch 
mesh,  9  gage  wire,  knuckled  selvage  with  1.2  ounce  coating  for 
type  I  and  0.40  ounce  coating  for  type  II. 

6.5.2  Installation :  Wire  mesh  shall  be  anchored  at  top  edge 
with  anchor  bars  as  shown.  Wire  mesh  shall  extend  to  within 

2  feet  of  bottom  of  rock  faces  at  all  times  until  the  rock  is 
covered  with  concrete.  Mesh  may  be  removed  as  concrete  is 
placed  or  may  be  left  in  place.  All  wire  mesh  exposed  to  view 
after  all  concrete  is  placed  shall  be  removed  and  will  become 
property  of  the  Contractor  and  shall  be  removed  from  the  project 
site. 

6.5.3  Payment :  No  separate  payment  will  be  for  wire  mesh  and 
all  costs  for  furnishing  installing  and  removal  shall  be  included 
in  and  considered  incidental  to  rock  excavation. 

7.  DENTAL  EXCAVATION:  Unsatisfactory  material  shall  be 
removed  and  disposed  of  as  specified  here- in-before  in  Paragraph 
Excavation,  Dental.  The  holes  or  cavities  in  the  rock  resulting 
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